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NEW INHIBITORS OF HISTONE DEACETYLASE.

This invention concerns compounds having histone deacetylase (HDAC) inhibiting
enzymatic activity. It further relates to processes for their prepnration, to compositions
comprising them, as well as their use, both in vitro and in vivo, to inhibit HDAC and as -

"a medicine, for.instance as a médicine to inhibit proliferative conditions, such as cancer

-and psoriasis.

In all eukaryotic cells, genomic DNA in chromatine associates with histones to form

‘- nucleosomes: Each nucleosome consists of a protein octamer made up of two copies of
" each hlstones H2A, H2B, H3 and H4. DNA winds around this protein core, with the ,

basic amino acids of the histones interacting with the negatlvely charged phosphate
groups of the DNA. The most common posttranslatlonal mod:lﬁcatlon of these core
histones is the reversible acetylatlon of the g-amino groups of conserved h1ghly basic
N-terrmnal lysme residues. The steady state of lnstone acetylatlon is estabhshed by the -
dynamic equlhbnum between compelmg histone acetyltransferase(s) and. hlstone _
deacetylase(s) herein referred to as “HDAC”. Histone acetylatlon and deacetylahon has

. long been linked to transcriptional control. The recent cloning of the genes encoding
.d1fferent histone acetyltransferases and histone deacetylases prov1ded a pos51ble

e explanatlon for the relatlonshxp between histone acetylatlon and transcnptlonal control.

s
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The reversible acetylatton of histones can result in chromatin remodelhng and as such.

“actasa control mechanism for gene transcription. In general hyperacetylalnon of
. histones facilitates gene expression, whereas histone- deacetylatlon is correlated w1th .

transcnphonal repressmn “Histone acety]transferases were shown to'act as .

‘transcriptional coactnvators whereas histone deacetylases were found to belong to

transcriptional represswn pathways. :

The dynamic equilibrium between histone acctylatlon and deacetylatlon is essential for |
normal cell growth. Inhibition of histone deacetylase resulte in cell cycle arrest, cellular -
differentiation, apoptosis and reversal of the transformed phenotype. Therefore HDAC -
inhibitors can have great the'rabeutic potential in the treatment of cell proliferative '
diseases or conditions (Ma;ks et nl., Nature Reviews: Cancer 1: 194-202, 2001) '

The study of inhibitors of histone deacetylases (HDAC) indicates that indeed these
enzymes play an important role in cell proliferation and dlfferentlatlon The.inhibitor
Trichostatin A (TSA) causes cell cycle arrest at both G1 and G2 phases, reverts the
transformed phenotype of different cell lines, and induces d_iffereritiation of Friend
leukemia cells and others. TSA (and suberoylanilide hydroxamic acid SAHA) have
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been reported to inhibit cell growth, induce terminal differentiation, and prevent the
formation of tumours in mice (Finnin et al., Nature, 401: 188-193, 1999).

Trichostatin A has also been reported to be useful in the treatment of fibrosis, e.g. liver
fibrosis and liver chirrhosis. (Geerts et al., European Patent Application
EP 0 827 742, published 11 March, 1998).

Patent application W001/38322 published on May 31, 2001 discloses amongst others
inhibitors of histone deacetylase of general formula Cy-L! —Af—Y17C(O)-NH-Z,

providing compositions and methods for treating cell proliferative diseases and

" conditions.
_Patent application WO001/70675 published on 27 September,' 2001 discloses inhibitors

. of histone deacetylase of formula Cy* Cy X-Y'-w and. fmther prov1des composmons
- and methods for treatmg cell prohferatlve diseases.and condxtlons Coher

_ The problem to be solved is to prov1de h1stone deacetylase 1nh1b1tors w1th h1gh

enzymatlc act1v1ty and also show advantageous propertles such as cellular activity and

' increased b10ava11ab1hty, preferably oral bloavallablhty, and have 11ttle or no side

_ effects

" The novel compounds of the present invention solve the above descnbed problem The :

compounds differ from the pnor art in structure.

The compounds of the present invention show excellent in-vitro h1stone deacetylase
inhibiting enzymatic activity. The present compounds have advantageous properties -

- with regard to cellular activity and specific propertles with regard to inhibition of cell | .

30

N cycle progression at both G1 and G2 checkpoints (p21 indncti‘on‘c‘apac.ity). The
.- compounds of the prese'n.t-inventionv show good metabolic stability and.-high‘ .
. bioavailability and more particular they show oral bioavailability.
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This invention concerns compounds of formula (I)

4

R
o= T ~(GHon
= e ® o
g
the N-oxide forms the pharmaceutlcally acceptable addition salts and the stereo- -

chelmcally isomeric forms thereof wherein -

niso0, '1, 2' or 3 and when n is O then a direct bond is intended;

'~ tis0,1,2,3 or4 and when t is 0 then a direct bond is intended; A

_each Q is nitrogen or Y ;
each X is nitrogen or D
eachY is nitrogenor N

. . . . i s ./
* each Zis nitrogenor . >; -

Vis —C(O)NR7R8 -NHC(O)R®, -C(O)-C, 6a1kaned1ylSR9 NR'OC(O)N(OH)RQ
. NRC(0)C 6a]kaned1y18R9 -NR“’C(O)C—N(OH)Rg or another Zn- chelatmg- s
.. group ' :
wherein R” and R® are each mdependent]y selected from hydrogen hydroxy, '
- Cy.¢alkyl, hydroxyC; salkyl, aminoCygalkyl or aminoaryl; L
Ri is independently selected from. hydrogen Ci.¢alkyl, C;. 6a1kylcarbonyl
arylCy ealkyl, Cmalkylpyrazmyl pyndmone, pyrrolidinone or methyhmrdazolyl
R s mdependently selected from hydrogen or C; 6alky1 '

y T R%is hydrogen, halo, hydroxy, ammo mtro, Cl 6alky1 Cmalkyloxy, mﬂuoromethyl
30 "

d1(C16alkyl)armno, hydroxyammo or naphtalenylsulfonylpyrazmyl

L-isa direct bond or a bivalent radica1~ selected from Cj_galkanediyl,
~ Cy.galkyloxy, amino, carbonyl or aminocarbonyl;

" eachR? independently represents a hydrogen atom and one hydrogen atom can be

replaced by a substituent selected from aryl;
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R* is hydrogen, hydroxy, amino, hydroxyCi.ealkyl, Cygalkyl, Cy.¢alkyloxy,
arylCy.galkyl, aminocarbonyl, hydroxycarbonyl, aminoCy.galkyl,
‘ . armnocarbonlel galkyl, hydroxycarbony]Cl alkyl, hydroxyannnocarbonyl
5 Ci 6a1kyloxycarbony1 C1-salkylaminoCj_galkyl or di(C;. 5alky1)ammoC1 alkyl;

C is a radical selected from

F F ./
, (a-1) . l(a-2')' . . (@-3) (a-4)
s YN Y Y
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(a-49) | (2-50) @-51)

wherein each s is independently O, 1,2,3,4 or5;
each R® and R® are independently selected from hydrogen; halo; hydroxy; amino; nitro;
trihaloCy.galkyl; trihaloC;_galkyloxy; Cy.ealkyl; Ci.alkyl substituted with aryl and
Cs.j0cycloalkyl; Cy.galkyloxy; Cl_ﬁaikyloxycl.salkyloxy; Cj.¢alkylcarbonyl;
Ci- 6alky10xycarbohy1 C1.¢alkylsulfonyl; cyanoCy.galkyl; hydroxyCj_ealkyl;
hydroxyCl-Galkyloxy, hydroxyCl_Galkylaxmno aminoCj. 6alkyloxy,

di(C;. 6a1kyl)ammocarbonyl dithydroxyC;j. 5alkyl)am1no, (aryl)(C1.6alkyl)aImno
di(C;.¢alkyl)aminoC;. 5a1kyloxy, di(C;. 6a]ky1)ammocl ¢alkylamino;

di(C;- 6alkyl)am1noC1_salky1am1noC1-6alkyl arylsulfonyl; arylsu]fonylammo,
‘aryloxy, aryloxyCi.ealkyl; arlez_Galkenedlyl dl(Cl-salkyl)ammo, '
dx(Cl_Galkyl)amxnoCI_6alkyl, d1(C1-6a1kyl)an,11no(C1,6a1ky1)anuno,
di(Cy.salkyl)amino(C;.salkyl)aminoCy.galkyl; .

(C1-6a1kyl)ammoC1 ¢alkyl(Cy. 5alky1)amm0,
d1(C1-6alkyl)ammoC1-6a1kyl(C1_5alkyl)am1noC1_6alkyl
‘aminosulfonylamino(Cj.g¢alkyl)amino;

 aminosulfonylamino(C;_galkylaminoCy.galkyl;
di(C;.¢alkyl)aminosulfonylamino(C;. galkyl)amino;
di(C.galkyl)aminosulfonylamino(Cj.- galkyl)aminoCj._galkyl; cyano; thxophenyl

‘ thlophenyl substituted with di(C;. 6alkyl)ammoC1_6a1kyl(C1 Galkyl)ammoCMalkyl

' di(C;. 6alky1)a1mnoC1_6alkyl C1 5a1kylp1peraz1ny1C1-5alky1

. hydroxyCl_salkylplperazmyICI galkyl,

‘hydroxyC;-salkyloxyC;. 6alkylp1perazmy1C1 galkyl,
dJ(C1-6alkyl)ammosulfonylplperazmle1 6a1kyl
Cj-salkyloxypiperidinyl, Cy. 6a1kyloxyp1per1d1nle1 salkyl, morpholmy1C1 6a]ky1
hydroxyCj.salkyl(Cy.salkyl)aminoCy.ealkyl, or dithydroxyCi. galkyl)aminoC;. 6a1kyl;
 furanyl; furanyl substituted with hydroxyCi.galkyl; benzofuranyl; imidazolyl; -
oxazolyl; oxazolyl substituted with aryl and Cy. salkyl; Cy.galkyltriazolyl; tetrazo]yl
pyrrohdmyl pyrrolyl piperidinylC;.¢alkyloxy; morpholinyl; C;.¢alkylmorpholinyl;
morpholinylC.salkyloxy; o
morpholinylCy.¢alkyl; morpholinylC;. 6alkylammo,

.morpholmylcl 5a1kylarmnocl_6a1kyl piperazinyl; Cl 6a1ky1p1perazmy]
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C;.¢alkylpiperazinylC;_galkyloxy; piperazinylCj.galkyl;
naphtalenylsulfonylpiperazinyl; naphtalenylsulfonylpiperidinyl; naphtalenylsuifonyl;
C;-galkylpiperazinylCy_galkyl; Cy.galkylpiperazinylC;_galkylamino;
C;.¢alkylpiperazinylC;.¢alkylaminoCj.salkyl; C;.¢alkylpiperazinylsulfonyl;
aminosulfonylpiperazinleHgalkyloxy; aminosulfonylpiperazinyP

'armnosulfonylp1perazmy1C1 .salkyl; di(C;_galkyl)aminosulfonylpiperazinyl;

di(C;. 6alkyl)armnosulfonylplperazmylC1_6a1kyl hydroxyC).¢alkylpiperazinyl;
hydroxyC;.galkylpiperazinylCy.galkyl; C;. salkyloxyplpendmyl '
Ci.salkyloxypiperidinylCy.galkyl; p1pendmylam1noC1 6a1ky1ammo,

. p1pendmylammoC1 galkylaminoC;_galkyl;

(Cs. galkylpiperidinyl)(hydroxyCi.salkyl)aminoCj. salkylammo,

(C1. 6a1kylp1pend1nyl)(hydroxyC1 6a]kyl)anunoC1_6alkyla.m1noC1_6alky1
"hydroxyCj. 6a1kyloxyC1-Galkylplperazmyl - :

hydroxyC1 salkyloxyC.galkylpiperazinylC galkyl;. _ 4
(hydroxyC;_galkyl)(C1.galkyl)amino; (hydroxyCi.ealkyl)(C;. 6alky1)ammOC1 salkyl;l .
hydroxyCs.gatkylaminoCi. calkyl; dl(hydroxycl,salkyl)ammocl salkyl; ‘
pyrrolldlnle1_6a1kyI pyrrohdmlel_Galkyloxy, pyrazolyl thlopyrazolyl pyrazolyl,

-- substituted with two substituents selected from Cy:galkyl or trihaloC;. 6alky1

pyridinyl; pyndmyl substituted with C1-6alkyloxy, aryloxy or aryl; pynmldmyl
tetrahydropynnndmylplperazmyl tetrahydropynmldmylplperazmle1 galkyl;’

| quinolinyl; indole; phenyl phenyl substituted with one, two or three substltuents

mdependently selected from halo, amino, nitro, Cy. ealkyl, Ci. Ga]kyloxy, ‘
hydroxyCj_salkyl, trifluoromethyl, trlﬂuoromethyloxy, hydroxyC1_4a1kyloxy,
C1_4alkylsu1fony1 C1_4alkyloxyC1_4alkyloxy, Cl.4a1kyloxycarbonyl '
am1noC1_4alkyloxy, d1(C1.4alkyl)ammoC1 _salkyloxy, dl(CMalkyl)ammo
di(C;.4alkyl)aminocarbonyl, di(C;. 4alkyl)a1mnoC1_4alky1
dl(C1-4alkyl)annnoC1.4alkylatmnoC1_4a1kyl '
dl(CMalkyl)anuno(CMalkyl)anuno dJ(C1.4a.lkyl)am1no(C1_4a1kyl)amm0C1.4alky1
d1(C14a1ky1)anunOC|_4alkyl(Cl_4alky1)ammo, : o : _—
dx(CMalkyl)anunoCMalkyl(Cl4a1kyl)ammoC14alky1
armnosulfonylarmno(C1_4alkyl)ammo,
armnosulfonylaxmno(C1_4alky1)amlnoC1 .4alkyl,
di(C.4alkyl)aminosulfonylamino(Cjsalkyl)amino,
d1(C;_4a1ky1)anunosulfony1anuno(C1-4alky1)a1mnoC1 galkyl, cyano
piperidinylC;.4alkyloxy, pyrrolidinylCj.4alkyloxy, ammosulfonylplperazmyl
aminosulfonylpiperazinylC;4alkyl, di(C;-4alkyl)aminosulfonylpiperazinyl,
di(C1-4alkyl)anﬁnosulfonylpiperazinle1-4alkyl, hydroxyCj4alkylpiperazinyl,
hydroxyCj.4alkylpiperazinylCj.4alkyl, Ci.salkyloxypiperidinyl,
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Ci-qalkyloxypiperidinylC;.4alkyl, hydroxyC1-4alkyloxyC1_4a1kylpiperaziny1,
hydroxyCj_4alkyloxyCi.4alkylpiperazinylC;.4alkyl,
(hydroxyCi.4alkyl)(C;.salkyl)amino, (hydroxyC1_4a1ky1)(C1-4alkyl)ammoC1 qalkyl,
di(hydroxyCj.4alkyl)amino, di(hydroxyCj.4alkyl)aminoCj.4alkyl, furanyl, furanyl
substituted with -CH=CH-CH=CH-, pyrrolidinylCj.4alkyl, pynolldlny1C1_4alky]oxy,
morpholinyl, morpholinylCj.4alkyloxy, morphohnlel 4alkyl,
morpholinylCy.4alkylamino, morpholmyIC1_4alkyla1mno'C1.'4alkyl, piperaziny], _
Ci-4alkylpiperazinyl, Cl.4alkylpiperaziny1C1 aalkyloxy, piperazinylC; -qalkyl,

, C1.4alky1p1peraz1ny1C1 salkyl, Cy_4alkylpiperazinylC;._qalkylamino, -

C1_4alkylp1perazmy1C1 4alkylaminoCj.galkyl, tetrahydropynmrdmylplperamnyl
tetrahydropymmdmylplperazmylc14a1ky1 plpendmylarmnoCMalkylarmno '
piperidinylaminoCj_salkylaminoCy.4alkyl, ' \ " '

‘ (C1.4alky1p1pend1nyl)(hydroxyc14a1ky1) armnoC1_4alkylamino

g (C1.4alky1p1pend1ny1)(hydroxyC1 4a1ky1)ammoCI_4a1kyla1mnoC1_4alkyl

-pyridinylCy 4alkyloxy, - :
: ,hydroxyCMalkylamlno hydroxyC1.4alkylam1noC1 4alkyl

d1(C1_4alky1)annnoC1-4alkyIa1mno ammothradlazo]yl

anunosulfonylplperazmylc1_4alkyloxy, or th10pheny1C1-4alky1a1mno
each RS and R® can be placed on the mtrogen in replacement of the hydrogen, o

aryl in the above is phenyl, or phenyl subsntuted with one or more substltuents each

- mdependently selected from halo, CH;alkyl Cmalkyloxy, tnﬂuoromethyl cyano or-. " P
' hyd.roxycarbonyl '

‘ The term “h1$tone deacetylase. 1nh1b1tor 1nh1b1tor of histone deacetylase is used to ”

1dent1fy a compound which is capable of interacting w1th a mstone deacetylase and

' mhlbxtmg its activity, more pamcularly its enzymatic actlvrty Inhibiting, hlstone
_ deacetylase enzymatic act1v1ty means reducing the ability of a histone deacetylase to
. remove an acetyl group from a histone. Preferably, such inhibition is spec1ﬁc 1, e the

hlStOIlB deacetylase 1nh1b1tor reduces the ablhty of a histone deacetylase to remove an

‘acetyl group from a histone at a concentratron that is lower than the concentration of

the inhibitor that is required to produce some other, nrelated brologrcal effect.

.. As used in the foregoing deﬁniﬁons 'and hereinafter, halo is generic to fluoro, chioro, ,
bromo and iodo; C,_,alkyl defines straight and branched chain saturated hydrocarbon

* radicals having from 1 to 4 carb_on dtoms such as, e.g. methyl, ethyl, propyl,AbutyI,.

l—methyle'thyl, 2-methylpropyl and the like; C, 4alkyl includes C, jalkyl and the higher

homologues thereof having 5 to 6 carbon atoms such as, for exarhple, pentyl, Z-rnethyl-
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butyl, hexyl, 2-methylpentyl and the like; C, calkanediyl defines bivalent straight and
branched chained saturated hydrocarbon radicals having from 1 to 6 carbon atoms such
as, for example, methylene, 1,2-ethanediyl, 1,3-propanediyl 1,4-butanediy], .
1,5;pentanediyl, 1,6-hexanediyl and the.branc':hed- isomers thereof such aé, 2-
methylpentanediyl, 3-methylpentanediyl, 2,2-dimethylbutanediyl, 2,3-

" . dimethylbutanediyl and the like; trihaloC;.¢alkyl defines Ci.galkyl containing three

10

identical or different halo substituents for example tnﬂuoromethyl C, 6alkened1yl
defines bivalent stmlght and branched chain hydrocarbon radxcals containing one
double bond and having from 2 to 6 carbon atoms such as, for example ethenediyl, .
2-propened1yl 3-butenediyl, 2-pentened1y1 3-pentened1yl 3-methyl -2-butenediyl, and

- the like; ammoaryl defines aryl substituted with -amino;
- C3 iocycloalkyl includes cyclic hydrocarbon groups having from 3 to 10 carbons; such

‘ ascyclopropyl cyclobutyl cyclopentyl cyclopentenyl cyclohexyl cyclohexenyl

15. .
. I 20 L
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cycloheptyl cyclooctyl and the like.

The term “anothér, Zn-chela‘ting group” refers__ to a group; which is capable of ‘
ihteracting with-a Zn—ion, Which can 'bé presént at'an énzymélti'c:.bi'nding site.

~Pharmaceutlcally acceptable addition salts encompass pharmaceutlcally acceptable a01d R
‘ add1t10n salts and phaxmaceutlcally acceptable base addmon salts. The '

pharmaceutlcally acceptable acid addmon salts as mentloned heremabove are meant to
comprise the therapeutlcally active non- tox1c acid addatlon salt forms, which the
compounds of formula (D) are able to form. The compounds of formula (¢)) Wthh have
basic propemes can be converted in their phan:naceutlcally acceptable acid addltlon

_salts by treating said base form with an appropnate acxd Appropriate acids compnse S

for example, morgamc acids such as hydrohallc ac1ds e.g. hydrochloric or hydrobromlcv .
-+ acid; sulfunc',A nitric; phosphoric and tho like ac1ds, or organic acids such as, for, '
. example, acetic, triﬂuoroacetic, prooanoic, hyd;oxyaéétic,-‘laotio, pyruvic, 0xalj¢, '

malonic, sﬁccinic (i e. butanedioic acid), maleic, fumanc malic, tartaric, citric" "
methanesulfomc, ethanesulfomc benzenesulfomc p-toluenesulfomc cyclarmc, o
salicylic, p-amino-salicylic, pamoic and the like acids. -
The compounds of formula (I) which have acidic propemes may be converted in thcu
pharmaceutically acceptable base addition salts by treatmg said acid form witha -

. suitable ofganic or inorganic base. Appropriate base salt forms comprise, for example,

the ammonium salts, the alkali and earth alkaline metal salts, e.g. the lithium, sodium,.

. potassmm magnesmm, calcium salts and the like, salts with organic bases, e.g. the

benzathine, N-methy]-D glucamine, hydrabamme sa]ts ‘and salts with amino acids such .

as, for example, arginine, lysine and the like.
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The term “acid or base addition salts” also comprises the hydrates and the solvent .
addition forms, which the compounds of formula (I) are able to form. Examples of
such forms are e.g. hydrates, alcoholates and the like.

The term “stereochemically isomeric forms of compounds of formula (I)”, as used
herein, defines all possible compounds made up of the same atoms bonded by the same
sequence of bonds but having different three-dimensional structures, which are not
1nterchangeable, which the compounds of formula (I) may possess. Unless otherwise
mentioned or 1nd1cated the chemical des1gnat10n ofa compound encompasses the
mixture of all possible stereochermcally isomeric forms, which said compound mrght o
possess. Said mixture may contain all dlastereomers andlor enantiomers of the basic -

* molecular structure of said compound All stereochemlcally isomeric forms of the

compounds of formula (I) both in pure. form or in adnnxture wrth each other are.

.mtended to be embraced wrthm the scope of the present mven'uon

" The N-oxide forms of the compounds of formu]a O are, meant to compnse those

compounds of formula @ wherein one or several mtrogen atoms arc oxxdlzed to the
so-called N-oxide, particularly those N—oxrdes wherem one or more of the plpendme-

plperazme or pyndazmyl—mtrogens areN-omdrzed C o v ' R |

Some of the compounds of formula (I) may also exist in. their tautomerxc forms Such

~ forms although not exph01t1y indicated in the above formula are mtended to be included -

within the scope of the present invention.

‘Whenever used hereinafter; the term "compounds of formula ('I)"'; is meant to include )

also the pharmaceutically acceptable"addition salts and all stereoisomeric forms. .

+ As used herem the terms “hlstone deacetylase” and “HDAC” are mtended to refer to cl

any one of a family of enzymes ‘that remove acetyl groups from the €-amino groups of .
lysine residues at the N. -tenmnus of a histone. Unless otherw15e indicated by.context, -
the term “histone” is meant to refer to any histone protem mcludmg Hi, H2A H2B,

" {3, H4, and H5, from any spec1es . Human HDAC proteins or gene products, include,

35

“but are not limited to, HDAC-1, HDAC-2, HDAC-3, HDAC-4, HDAC-5, HDAC-6,
HDAC-7, HDAC-8, HDAC-9 and HDAC-10. The histone deacetylase can also be

derived from a protozoal or fungal source.:

. A first group of interesting compounds consists of those compounds of formula (I)

wherein one or more of the following restrictions apply:
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aynis1or2;
b)tis0,1,20r4;
c)each Qis _C<;
d) R is ~C(O)NH(OH);
e) R? is hydrogen or nitro;

. f) -L-is a direct bond or a bxvalent rad1cal selected from Cj_galkanediyl;

g) R*is hydrogen,

h) isa radlcal selected from (a-l) (a 2), (a-3), (a5), (a-6), (a-11), (a—18),
(a-20), (a-21), (a-32), (a~33) (a-47) or (a-51),
i) each s is mdependently 0,1,2,0r4; '

j) each R5 and R6 are mdependently selected from hydrogen halo; mhaloCl.salkyl

C1_5alkyl Cl-ﬁalk)d substltuted with aryl and Cs. 1ocycloalkyl Ci- 6alkyloxy, .
Cl_éalkylcarbonyl benzofuranyl; naphtalenylsulfonyl pyridinyl substltuted with
aryloxy, phenyl or phenyl substituted with one substltuent 1ndependently selected D
from hydroxyC 1-aalkyl or morpholmleMalkyl

A second group of mterestm g compounds consmts of those compounds of formula (I)
wherein one or more of the followmg restnctlons apply

a)ynis1;

Ib)tlSO 10r2

c) each le- ' C<,
d) each X is nitrogen,;

. €) ea'oh Y is nitrogen; .

f) R" is “C(O)NH(OH);
g) R%is hydfogen;'

‘ h) -L-i isa direct bond;

i) each R? 1ndependently represents a hydrogen atom,

HRYis hydrogen o .
k) is a radical selected from (a-6) (a—11) (a-20) (a-47) or (a—51),

'l) each sis mdependently 0,1, or 4,

m) éach R5 and R are independently selected from Thydrogen; C.galkyl; C;. ﬁalkyloxy, ‘
) naphtalenylsulfonyl or phenyl substituted with hydroxyCj 4alkyl or S '
" morpholinylC;_4alkyl. '

A third group of interesting compounds consists of those compounds of formula (I)
wherein one or more of the following restnctwns apply
2)R' is ~C(O)NH(OH);
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b) -L- is a direct bond.

A fourth group of interesting compounds consists of those compounds of formula (I)

wherein one or more of the following restrictions apply:

a)tis 1, 2,3,or4;

b)R' is -C(O)NR'R?, -C(0)-C;.salkanediylSR’, -NR'’C(O)N(OH)R’,
NRC(0)C;.¢alkanediylSR®, -NR!°C(O)C=N(OH)R’ or another Zn-chelating-
group wherein R” and R® are each mdependently selected from hydrogen, hydroxy,

. hydroxyC;j.salkyl or ammoCMalkyl :
c)R%is hydrogen, halo, hydroxy, amino, nitro, C; 6alkyl Cmalkyloxy, trifluoromethyl
. or d1(C16alkyl)ammo, .

d) -L- is a direct bond or a bivalent radical selected from Cmalkaned1y1
C1-6a1kaned1yloxy, amino or carbonyl;

e) R4 is hydrogen, hydroxy, amino, hydroxyCHgalkyl Ci.-¢alkyl, C1_6alkyloxy,
arle1 6a1ky1 ammocarbonyl ammoCl-éalkyl Ci- 6a1kylam1noC1 6alkyl or
d1(C 1-6alky1)a1mnoC1_6alkyl

. f) is aradjcal selected from (a-1), (a-3) (a—4) (a—S) (a-6), (a-7) (a—8) (a-9).

“ ’20. ‘

25

30

35

(a-10), (a-11), (a-12), (a-13), (a-14), (a-15), (a-16), (a-17), (2-18), (a-19), (a-20),
(a-21), (a-22), (a-23), (a-24); (a-25), (a-26), (2-28), (2-29), (2-30), (a-31), (a-32),
(a-33), (a-34), (2-35), (a-36), (a-37), (a-38), (2-39); (a-40) (a-41), (a-42) (a—44)
(a-45), (a-46), (a-47) (a-48) and (a-51);

g)each s is 1ndependently 0,1,2,3 or4;

h)R%is hydrogen; halo; hydxoxy, amino; mtro tnhaloC1 5a]ky1 tnhaloCH;alkyloxy,

Ci. 6alky1 .Cy.galkyloxy; Cj.¢alkylcarbonyl; C. 6alkyloxycarbonyl
Ci. 6a1ky]sulfony1 hydroxyC;_ealkyl; aryloxy, di(Cy. 6a1kyl)am1no, cyano; ..
th10pheny1 furanyl furanyl substituted with hydroxyC1 6alky1 benzofuranyl
imidazolyl; oxazolyl oxazolyl substituted with aryl and C;. galkyl;
Ci-salkyltriazolyl; tetrazolyl pyrrolidinyl; pyrro]yl morpholmyl
Ci- 6a1kylmorphohnyl plperazmyl :
. Cy.galkylpiperazinyl; hydroxyCi. 5a1ky1p1perazmy1

Ci-¢alkyloxypiperidinyl; pyrazoly; pyrazolyl substituted with one or two
substituents selected from Cy.galkyl or tnhaloCl_salkyl pyndmyl pyridinyl
substituted with CMalkyloxy, aryloxy or aryl; pyrimidinyl; quinolinyl; indole;
phenyl; or phenyl substituted with one or two substituents independently selected
from halo, C;.galkyl, C;.¢alkyloxy or triflucromethyl; ‘ ‘

i) R® is hydrogen; halo; hydroxy; amino; nitro; trihaloCy.¢alkyl; trihaloCy.¢alkyloxy;
C1-salkyl; Cy.galkyloxy; C1'.6a]ky1carbony1; Ci.-¢alkyloxycarbonyl;
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- Cr.¢alkylsulfonyl; hydroxyCi.galkyl; aryloxy; di(Cj.salkyl)amino; cyano; pyridinyl;-

phenyl; or phenyl substituted with one or two substituents independently selected
from halo, C_galkyl, C;_galkyloxy or trifluoromethyl.

A group of preferred compounds consists of those compounds of formula.(T)

wherein tis 1, 2, 3, or 4; ‘ '

R' is -C(O)NR'R’, -C(0)-C\.salkanediylSR’, NR“’C(O)N(OH)R9 ‘
NRIOC(O)CMalkanedlylSRg -NR'°C(0)C=N(OH)R? or another Zn-chelating-
 group wherein R’ and R® are each independently selected from hydrogen hydroxy,_
hydroxyC; galkyl or armnoCmalkyl

'R?is hydrogen, halo, hydroxy, ammo mtro C1 6a1ky1 Cmalkyloxy, tnﬂuoromethyl or

d1(CH;alkyl)axmno, o »
-L-is a direct bond or a bxvalent radlcal selected from C1_6a1kaned1y1
Cl-ﬁalkanedlyloxy, armno or carbonyl .
R*is hydrogen hydroxy, ammo hydroxyCi.galkyl, C1_5alkyl C1_6alkyloxy, . .
3 arylCy galkyl, aminocarbonyl, aminoCi.ealkyl, Cl_salkylannnocl_6alkyl or -
dl(Cl_Galkyl)ammOCI_ﬁalkyl R

is a radical’ selected from (a—l) (a- 3) (a-4) (a-5), (a-6) (a—7), (a-8) (a—9)
' (a—lO) (a-11), (a-12), (a-13), (a-14), (a-15) (a=16), (a-17) (a-18), (a-19), (a-20),
© (a-21), (a-22), (a-23), (a—24) (a-25), (a-26), (a-28), (a—29) (a-30), (a-31) (a—32)
" (a-33), (a-34), (a-35), (a-36), (a-37), (a-38) (a-39), (a-40) (a-41), (a-42) (a-44)
(a-45), (a-46), (a-47), (a-48) and (a—51) ' " :

" each! s is independently 0, 1, 2, 3 or 4;

R5 is hydrogen; halo; hydroxy, amino; nitro; tnhaloC1 salkyl; trlhaloCl 6a1ky10xy,,
C1-galkyl; Cy.galkyloxy; Cj. 5a1kylcarbony1 C1 5a1kyloxycarbony1 _
C;.alkylsulfonyl; hydroxyCj. GaIkyl aryloxy, di(C,_galkyl)amino; cyano;

"  thiophenyl; furanyl; furanyl substituted with hydroxyC;: Galkyl benzofuranyl

) umdazolyl oxazolyl; oxazolyl substituted with-aryl and Cy; 6alkyl
‘ C1-6alkyltnazolyl tetrazolyl pyrrohdmyl pyrrolyl; morpholinyl;
' Cy.¢alkylmorpholinyl; pxperazmyl ' I

o Ci- 6alky1p1perazmyl hydroxyCl-6alky1p1perazmyl

Ci-ealkyloxypiperidinyl; pyrazolyl; pyrazolyl substituted with one. or two
substituents selected from Cj.galkyl or trihaloC1.galkyl; pyridinyl; pyridinyl '
substituted with Cy_salkyloxy, aryloxy or aryl; pyrimidinyl; quinolinyl; indole;
phenyl; or phenyl substltuted with one or two substituents 1ndependently selected
from halo, Cy_galkyl, C;. 6alkyloxy or tnfluoromethyl

R is hydrogen halo; hydroxy; amino; nitro; trihaloC)_galkyl; trihaloCj. 5alkyloxy,
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Cr-salkyl; Cy.galkyloxy; Cygalkylcarbonyl; Cygalkyloxycarbonyl;
Ci-salkylsulfonyl; hydroxyCi.salkyl; aryloxy; di(Cy.galkyl)amino; cyano; pyridinyl;
phenyl; or phenyl substituted with one or two substituents independently selected
from halo, Cy_galkyl, C;.alkyloxy or triflucromethyl.

A further group of preferred compounds are those compounds of formula (I) wherein n

islor2;tis0,1,20r4;each Qis . C\ :R'is —C(O)NH(OH); R2is: hydrogen or

| nitro; -L~ is a direct bond or a bivalent radlcal selected from Ci-¢alkanediyl; R*Yi is

hydrogen; C is aradical selected. from (a-l) (a-2), (a-3), (a-5), (a-6); (a-ll)

(a-18), (a-20), (a-21), (a-32), (a-33), (a-47) or (a-Sl), eachsis 1ndependently 0,1,

© 2,o0r4;each R5 and RS are independently selected from hydrogen; halo;

trihaloCy.galkyl; Cy_galkyl; Cj. galkyl substltuted Wlth aryl. and Cs. mcyc]oalkyl
C1.¢alkyloxy; Ci.¢alkylcarbonyl; benzofuranyl naphtalenylsulfonyl pyndmyl

) substltuted with aryloxy; phenyl; or phenyl substltuted with one substituent

independently selected fiom hydroxyC1-4a]ky] or morphohnle1_4alkyl _

A group' of more prefened compounds are'thoee compoundé of formula (I) wherein n is’

, '1‘ t'is 0orl;eachQis Y  each X isnitrogen each Y is nitrogen; R’ ié _

—C(O)NH(OH), R2 is hydrogen, 7L- isa dlrect bond éach R3 1ndependently

‘represents a hydrogen atom; R* is hydrogen, : . isa radlcal selected from (a: "

6), (a-11), (a-20), (a-47) or (a-51); each s is mdependently 0,1, or4; and each R5

- and R6 are independently selected from hydrogen, Ci.galkyl; Ci.ealkyloxy;

naphtalenylsulfonyl or aryl substltuted with hydroxyCMalkyl or

' morphohnle1.4a1ky1

Most preferred compounds are compounds No 3 No. 4 No 8 No. 5, No. 7, No. 6 and . -
" Noo. - ‘

/N \I/ \J | ,N YO/ )

0.91 C,HF30;; Co. No. 3 . 0.86 CHF30,;Co. No. 4
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\ 4 _ HO._

HO—NH |'\/)N\
S S Ol I E ¥ Uy
: QL | : OH

C,HF50, (1:1);Co. No. 8 .83 C,HF;0,:Co. No. 5

- *Dwoo ool e

079 C2HF302,C0 No.7. _0.83 C,HF;0Co.No. 6

047 H;0 1,99 c"2HF302§ Co.No.9

The compounds of formula (I) and therr pharmaceuncally acceptable salts and N-oxrdes

"and stereochemrcally isomeric, forms thereof may be prepared in, a conventronal

© . manner. A general synthesrs route is encompassed as example e

10

15

.a) Hydroxarmc acids of, formula (I) wherein RI is —C(O)NH(OH) said compounds

being referred to as compounds of: formula (I—a) may be prepared by reactmg an
intermediate of formula (IT).with an appropnate acid, such as: for example tnﬂuoro
acetic acid. Said reaction 1s performed in an appropnate solvent such as, for example

methanol.

\ Y/ I\] Z—‘-(C(R )27'_® | — - ‘

o : ' j CF3COOH Lo
e @ /0\ ,Q=x —(CHz)n : Kk C

2 @ A L o
n =X ‘(CHz) -
\x /H—x T e @
R? ' 0-a)

'b) intermediates of formula (I) may be prepared by reacting an intermediate of formula

(IIT) with an intermediate of formula (IV) in the presence of appropriate reagents such
as N'-(ethylcarbonimidoyl)-N,N-dimethyl-1,3-propanediamine, monohydrochloride
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(EDC) and 1-hydroxy-1H-benzotriazole (HOBT). The reaction may be performed in a
suitable solvent such as a mixture of DCM and THF.

4
T ~GHa, -
Ao O
. ™

_"EDC'. | O j\ T-(cnn., '
- > O N ,Z_(C(R3)27F‘® |

" HOBT
‘ Rz 1))

~ .5 c)intermediates of fofmula (IIT) may be prepated by reacting an intermediate of
formula (V) with an appropriate base such as NaOH in the presence of a suiitable

solvent such as. ethanol

j\ ' T‘(Hz)n | - "+ NaOH .

N e, 7—@

| A

.Rz [ | e
R A T
- HO N z— @A)

- : i - Y . o .

10 . . , . o . ,
) The cotnpounds of formula (I) can also conveniently be prepared using solid phase
synthesis techniques. In general, solid phase S')'rnthesis involves reacting an interme-
diate in a synthes1s with a polymer support. This polymer-supported 1ntermed1ate can
then be carried on through a number of synthes1s steps After each step, filtering the | ; :
15 resin and washing it numerous times with various solvents remove impuritiés. At each
~ step the resin can be split up to react With various intermediates in the next step thus
-allowing for the synthesis of a large number of compounds. After the last step in the
procedure the resin is treated with a reagent or.process to cleave the resin from the
sample. More detailed explanation of the techmques used in solid phase chemistry is
20  described in for example "The Combinatorial Index" (B.Bunin, Academic Press) and
Novabiochem’s 1999 Catalogue & Peptide Synthesis Handbook (Novablochem AG,
Sw1tzerland) both incorporated herem by reference. C
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The compounds of formula (I) and some of the intermediates may have at least one
stereogenic centre in their structure. This stereogenic centre may be present in an R or

an S configuration.

The compounds of formula (I) as prepared in the hereinabove described processes can
be racemic mixtures of enantiomers;, which can be separated from one another
following art-known resolution procedures. The racemic compounds of formula (I) may

* be converted into the corresponding diastereomeric salt forms by. reaction with a

suitable chiral acid. Said diastereomeric salt forms are sﬁbsequé,ntly separated, for

~ example, by selective or fractional crystallization and the enantiomers are liberated
* there from by alkali. An alternative manner of separating the enantiomeric forms of the .

compounds of formula (I) involves liquid chromatography using a chiral stationary

'jphase Said pufe stereochemically isomeric forms may also be derived from the
_ corresponding pure stereochemically isomeric forms of the appropriate startmg
15 -

materials, provided that the reaction occurs stereospec1fically Preferably ifa speclfic
stere01somer is desired, said compound would be synthesized by stereospe01ﬁc .
methods of preparatlon These methods will advantageously employ enantiomenca]ly
pure starting. matenals : S

The compounds of formula (I), the pharmaceutically: acceptable acid addmon salts and o
stereoisomeric forms thereof have valuable pharmacological propemes in that they
have a histone deacetylase (HDAC) inhibitory effect ‘

This invention provides a method for inhibiting the abnormal 'growthof-cells,. including ‘ :
transformed cells, by admjnistering an effective amount of a compound of the '
invention. Abnormal growth of cells refers to cell growth independent of riormal :
regulatory mechanisms (e.g. loss of contact inhibition). This includes the inhibition of
tumour growth both directly by causing growth arrest, terminal differentiation and/or

apoptosis of cancer cells and indirectly, by 1nh1b1tmg neovascularization of tumours. o

This invention a_lso pr-.oyide's a method for inhibiting tumour grth_h by adrrlinistering o
an effective amount of a compound of the present invention, to a subject, e.g. a .
mammal (and more particularly a human) in need of such treatment. In particulat, this
invention provides a method for inhibiting the growth of tumotrs by the administ:ation |
of an effective amount'of the compounds of the presen't'invention.‘ Examples of

tumours which may be inhibited, but are not limited to, lung cancer (e.g.

adenocarcinoma and including non-small cell lung cancer), pancreatic cancers (e.g.

pancreatic carcinoma such as, for example exocrine pancreatic carcinoma), colon
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cancers (e.g. colorectal carcinomas, such as, for example, colon adenocarcinoma and
colon adenoma), prostate cancer including the advanced disease, hematopoietic
tumours of lymphoid lineage (e.g. acute lymphocytic leukemia, B-cell lymphoma,
Burkitt's lymphoma), myeloid leukemias (for example, acute myelogenous leukemia
(AMLY)), thyroid follicular cancer, myelodysplastic syndrome (MDS), tamours of
mesenchymal origin (e.g. fibrosarcomas and rhabdomyosarcomas), melanomas,
teratocarcinomas, neuroblastomas, gliomas, benign tumour of the skin (e.g.

R keratoacanthomas), bréast carcinoma (e.g. advanced breast cancer), kidney carcinoma,
© . ovary carcinoma, bladder carcinoma and epidermal carcinoma.

The compound accordmg to the 1nvent10n may be used for othér therapeutlc purposes

_for example:

a) the sensmsatlon of tumours to radlotherapy by adrmmstermg the compound
according to the 1nvent10n before durmg orafter uradlatlon of the tumour for
| treatmg cancer, o ' : :
b) treatmg arthropathies and osteopathologlcal condmons such as rheumat01d .
arthntls osteoarthritis, juvenile arthritis, gout, polyarthntls psonanc arthntls,
ankylosing spondylitis and systemlc lupus erythematosus, . '
¢) inhibiting smooth muscle cell proliferation including vascular prohferatlve
“ disorders, atheroscleros1s and restenosis;. , e ‘
" d) treating inflammatory condltlons and derrnal conditions such as. ulceratlve
N : colitis, Crohn’s disease, allergic't rhmms graft vs. host dxsease con_]unctlvms,
- asthina, ARDS, Behcets dlsease transplant rejection, uticaria, allerg1c _—
~ dermatitis, alopecia areata, scleroderma, exanthema, eczema, dermatomyosms
" acne, diabetes, systemJC lupus erythematos1s, Kawasaki’s disease, multlple
sclerosis, emphysema cystic fibrosis and chronic bronchitis;

ey e) treating endometriosis, uterme ﬁbr01ds dysfunctlonal uterme bleedmg and

. endometrial hyperp]asm,

- f) treating ocular vascularisation 1nclud1ng vasculopathy affectmg retmal and
~ choroidal vessels; :

' g) treating a cardiac dysfunctlon,

" 'h) inhibiting i 1mmunosuppress1ve condltlons such as the treatment of HIV

infections;
i) treating renal dysfunction;
j) suppressing endocrine disorders;
k) inhibiting dysfunction of gluconeogenesis;
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1) treating a neuropathology for example Parkinson’s disease or a neuropathology
that results in a cognitive disorder, for example, Alzheimer’s disease or
polyglutamine related neuronal diseases;

m) inhibiting a neuromuscular pathology, for example, amylotrophic lateral
sclerosis; ‘

n) treating spinal muscular atrophy;

'0) treating other pathologic conditions amenable to treatment by potentlatmg
expression of a gene; :
°)) .enhancing gene therapy.

Hence, the present invention discloses the compounds of formula (T) for useasa

- medicine as well as the use of these compounds of formula (I) for the manufacture of a :» '
- (medlcament for treating one or more of the above ment10ned conditions.

The compounds of formula (I) the pharmaceuttcally acceptable ac1d addltlon salts and

 steredisomeric forms thereof can have valuable dlagnostlc properties in that they canbe .. R

used for detectmg or 1dent1fy1ng aHDACina blologlcal sample comprising detectmg
or measunng ‘the fomlatlon of a complex between a labelled compound and a I—]DAC

. The detectmg or 1dent1fy1ng methods can use compounds that are labelled with -

labelling agents such as rad101sotopes enzymes fluorescent substances, lummous -
substances, etc. Examples of the rad101sotopes include 121 Bl1 3H and MC. Enzymes
are usually made detectable by conjugation of an appropriate substrate which, in turn- .
catalyses a detectable reaction. Examples thereof 1nclude for example, beta-

- galactosidase, beta-glucos1dase, alkaline phosphatase, perox1dase and malate

dehydrogenase preferably horseradish pero;udase ‘The luminous substances 1nclude :

for example, lununol, lummol denvatlves, luctfenn, aequonn and 1uc1ferase

B1olog1ca1 samples can be defined as body nssue or body fluids. Examples of body

- fluids are cerebrospmal fluid, blood plasma, serum, urine, sputum, saliva and the hke '

In view of their useful pharmacologlcal propertxes the subject compounds may be
formulated into vanous pharmaceutlcal forms’ for admlmstratlon purposes.

To prepare the pharmaceutical compositions of this invention, an effective amount of a
particular compound, in base or acid addition salt form, as the active ingredient is
combined in intimate admixture with a pharmaceutically acceptable carrier, which
carrier may take a wide variety of forms depending on the form of preparation desired
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. It is especially advantageous to fo‘rrnulate the aforementioned pharmaceutica]
' compositions in dosage unit form for ease of admlmstratton and umformlty of dosage
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for administration. These pharmaceutical compositions are desirably in unitary dosage
form suitable, preferably, for administration orally, rectally, percutaneously, or by
parenteral injection. For example, in preparing the compositions in oral dosage form,
any of the usual pharmaceutical media may be employed, such as, for example, water,
glycols, oils, alcohols and the like in the case of oral liquid preparations such as
suspensions, syrups, elixirs and solutions; or solid carriers such as starches, sugars,
kaolin, lubricants, binders, drsmtegratmg agents and the like in the case of powders,

pills, capsules and tablets.

Because of their ease in admmlstratlon, tablets and capsules represent ‘the most
advantageous oral dosage unit form, in which case solid pharmaceutlcal carriers are

' obvmusly employed. For parenteral composmons the carrier will usually compnse .

sterile water, at least in large part, though other ingredients, to aid solublhty for .

example, may be included. Injectable solutions, for. example may be prepared in whlch' .

the carrier comprises saline solutlon glucose solution or a mixture of saline and

appropriate liquid camers suspending agents and the like may be employed. In the |

- compositions suitable for percutaneous adrmmstratlon the carrier opttonal]y compnses
- a penetration enhancmg agent and/or a surtable wetting agent optlonally combmed
‘with suitable additives of any nature in mmor proporttons which

additives do not cause a significant deleterlous effect to the skin. Sa1d additives may

: facilitate the adrmmstratlon to the skm and/or may be helpful for prepanng the desired

compositions. These compos1t10ns may be administered in various ways, e-g. asa

transdermal patch, as a spot—on or-as an ointment.

Dosage unit form as used in the spec1ﬁcat10n and claims herein refers to physrcally

discrete units suitable as umtary dosages each unit containing a predetermmed quantlty .
of active 1ngred1ent calculated to produce the desired therapeut1c effect, in association .
~ with the required pharmaceutlcal carrier. Examples of such dosage unit forms are

tablets (including scored or coated tablets), capsules, pills, powder packets, wafers,

 injectable solutions or suspensions, teaspoonfuls, tablespoonfuls and the like, and
" segregated multiples thereof.. - :

Those skilled in the art could easily determine the effective amount from the test results-

presented hereinafter. In general it 1s contemplated that a therapeutically effective

- ‘amount would be from 0. 005 mg/kg to 100 mg/kg body weight, and in partrcular from
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0.005 mg/kg to 10 mg/kg body weight. It may be appropriate to administer the
required dose as two, three, four or more sub-doses at appropriate intervals throughout
the day. Said sub-doses may be formulated as unit dosage forms, for example,
contammg 0.5 to 500 mg, and in particular 10 mg to 500 mg of active ingredient- per
unit dosage form.

As another aspect of the present invention a combination of a HDAC-inhibitor with
another anticancer agent is envisaged, especially for use as a medicine, more

soeciﬁcally in the treatment of cancer or related diseases.

For the.‘tre'atment of the above conditions, the oompounds of the invention may be -

advantageously employed in combination with one or more other medicinal agents, .

miore particularly, with other anti-cancer agents. Exaniples of antl cancer agents are:
- ~p1at1num coordmatlon compounds for example c1splat1n carboplatm or

- oxa]yplatm

: . taxane compounds for example pachtaxel or docetaxel

- topmsomerase I 1nh1b1tors such as camptothecm compounds for example
mnotecan or topotecan; '
. top01somerase I inhibitors such as anti- tumour podophyllotoxm denvatxves for -
. example etoposide or teniposide; '
- . anti~tumour vinca alkaloids for example vmblastmc vincristine or vmorelbme
~ . anti-tumour nucleoside denvatlves for example 5- ﬂuorouracﬂ gemmtabme or .
capecnabme 4 :
- a].kylatmg agents such as nitrogen mustard or nitrosourea for example
K cyclophosphamldc chlorambucxl carmustine or lomustine;
- anti-tumour anthracycline derivatives for example daunorubicin, doxorublcm
" idarubicin or mitoxantrone;
= "HER2 antibodies for example trastuzumab
- estrogen receptor antagonists or selectlve estrogen receptor modulators for
example tamoxifen, torermfene drolox1fene, faslodex or raloxifene;
- aromatase inhibitors such as exemestane, anastrozole letrazole and vorozole,
- differentiating agents such as retmo1ds vitamin D and retinoic acid metabohsm'
blockmg agents (RAMBA) for example accutane;
- DNA methyl transferase inhibitors for example azacytidine;
- kinase inhibitors for ex-ample flavoperidol, imatinib mesylate or gefitinib;
- famesyltransferase inhibitors; or.
- other HDAC inhibitors. -
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The term “platinum coordination compound” is used herein to denote any tumor cell
growth inhibiting platinum coordination compound which provides platinum in the

form of an ion.

The term “taxane compounds” indicates a class of compounds having the taxane ring
system and related to or derived from extracts from certain species of yew (Taxus)

trees.

The term “topisomerase inhibitors” is used to indicate enzymes that are capable of

~altering DNA topology in eukaryotic cell's They are critical for important cellular

functlons and cell proliferation. There are two classes of topmsomerases in eukaryotlc

- cells, namely type I and type IL Topoxsomerase I is a monomeric enzyme of

approxxmately 100,000 molecular weight. The enzyme binds to DNA ‘and mtrocluces a

o transient single-strand break, unwmds the double helix (or allows it to unwind) and

15

20

subsequently reseals the break before dlssoc1at1ng from the DNA strand. Toplsomerase"
I has a similar mechamsm of action which mvolves the mduct10n of DNA strand R
' breaks or the format10n of free radicals. '

The term “camptothecin ccmpounds” is used to indicate cémpounds" that are- related to -
.or derived from the parent camptothecm compound which is a water-msoluble alka101d o

derived from the Chinese tree Camptothecm acuminata and the Indian tree ‘

L Nothapodytes foetida. . . ‘
The term “podophyllotdkin’compounds” is used to indicate: cdmpounds that are related
. to or derived from the parent podophyllotoxin, which i is extracted from the mandrake ' oL

25 plant.

The term ‘anti-tumor vinca alkalo1ds ‘isused to mdxcate compounds that are related to .

. or derived from extracts of the penwmkle plant (Vinca rosea)

35

‘The term “alkylating agents” encompass a diverse group of chemicals that have the
. common feature that they have the capacity to contribute, under phys1olog1cal
l-‘condltlons alkyl groups to biologically vital macromolecules such as DNA. ‘With most

of the more important agents such as the nitrogen mustards and the nitrosoureas, the
active alkylating moieties are generated in vivo after complex degradatlve reactions,
some of which are enzymatic. The most important pharmacological actlons of the
alkylating agents are those that disturb the fundamental mechanisms concerned with
cell proliferation in particular DNA synthesis and cell division. The capacity of
alkylating agents to interfere with DNA function and integrity in rapidly proliferating
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" tissues provides the basis for their therapeutic applications and for many of their toxic

properties.

The term “anti-tumour anthracycline derivatives” comprise antibiotics obtained from
the fungus Strep. peuticus var. caesius and their derivatives, characterised by having a

* tetracycline ring structure w1th an unusual sugar, daunosamme attached by a glyc051drc

linkage.

Amplrflcatlon of the human epidermal growth factor receptor 2 protein (HER 2) in
primary breast carcinomas has been shown to corrélate with a poor clinical prognos1s
- for certain patlents Trastuzumab i is a highly purified recombinant DNA-derived

humamzed monoclonal IgG1 kappa antlbody that bmds with high affimty and

| specrﬁcrty to the extracellular domam of the HERZ receptor

Many breast cancers have estrogen receptors and growth of these tumors can be ‘
stimulated by estrogen The terms “estrogen receptor antagomsts” and “selectrve '. '
estrogen receptor modulators are used to indicate competmve 1nh1b1tors of estradrol
bmdln‘7 to the estrogen receptor (ER). Selective estrogen receptor modulators, when
bond to the ER, induces a change in the three-dimensional shape of the receptor,

-1nh1b1t1ng its bmdmg to the estrogen responsive element (ERE) on DNA

In postmenopausal women, the principal source of crrculatrng estrogen is from
' conversron of adrenal and ovarian androgens (androstenedlone and testosterone) to '
' estrogens (estrone and estradlol) by the aromatase enzyme in penpheral trssues
" Estrogen depnvatlon through aromatase 1nh1b1t10n or 1naet1vat10n 1s an effectrve and '
- selective treatment for some postmenopausal patients w1th hormone-dependent breast

cancer.

" The term antlestrogen agent” is used herein to 1nclude not only estrogen receptor

antagonists and selective estrogen receptor modulators but also aromatase 1nlub1tors as
discussed above. ‘ ' ‘

_ The term “differentiating agents™ encompass compounds that can, in various ways,

inhibit cell proliferation and induce differentiation. Vitamin D and retinoids are known
to play a major role in regulating growth and differentiation of a wide variety of normal

" and malignant cell types. Retincic acid metabolism blocking agents (RAMBA'’s)

increase the levels of endogenous retinoic-acids by 1nh1b1t1ng the cytochrome P450-
mediated catabolism of ret1n01c a01ds
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DNA methylation changes are among the most common abnormalities in human
neoplasia. Hypermethylation within the promotors of selected genes is usually
associated with inactivation of the involved genes. The term “DNA methyl transferase
inhibitors” is used to indicate comoouhds that act through pharmacological inhibition
of DNA methyl transferase and reactivation of tumour Suppressor gene expression.

‘The term “kinase inhibitors” compnses potent inhibitors of kinases that are mvolved in-
- cell cycle progression and programmed cell death (apoptosm)

The term “farnesyltransferase inhibitors” is used to indicate compounds that were

-designed to prevent farnesylation of Ras and other 1ntrace]lu1ar protems They have .

been shown to have effect on mahgnant cell prohferatlon and surv1val

' The term ‘other HDAC 1nh1b1tors compnses but is not limited to:

.- short-cham fatty acids for example butyrate 4—phenylbutyrate or valproic a01d
- hydroxarmc acids for example suberoylamhde hydroxamxc ac1d (SAHA) blaryl S
O hydroxamate A-161906, ‘bicyclic: aryl-N hydroxycarboxamldes pyroxan'nde ‘

CG—1521 ‘PXD- 101, sulfonamide hydroxamlc acid, LAQ-824, tnchostatm A
(TSA), oxamﬂatm, scnptald m—carboxy cinnamic a01d blshydroxamlc acid, or
. trapoxin-hydroxamic acid analogue ' :
- cyclic tetrapeptldes for examiple trapoxin, apldlcm or depmpeptlde
- benzamides for example MS-275 or CI-994 or
h - depudecin. S :

means 1omslng radiation and in patﬂcular gamma radiation, especially that emitted by

linear accelerators or by rad10nuchdes that are in common use today. The lrradtatnon of .
- the tumour by radionuclides can be external or internal.

The present invention also relates toa combmatlon according to the mventnon of an
antl-cancer agent and a HDAC 1nh1b1tor accordmg to the invention.

The present invention also relates to a combination according to the invention for use 1n
medical therapy for example for inhibiting the growth of tumour cells. '
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‘The present invention also relates to a combmatrons according to the invention for
1nh1b1t1ng the growth of tumour cells. '

The present invention also relates to a method of inhibiting the growth of tamour cells
in a human subject, which comprises administering to the subject an effective amount

of a combmatlon accordmg to the invention.

~ This 1nvent10n further provrdes a method for mhrbltmg the abnormal growth of cells
' mcludmg transformed cells, by adlmmstenng an effectlve amount of a combination

‘accordmg to the mventlon

The other medlcmal agent and HDAC 1nh1b1tor may be. admmrstered srmultaneously
(e.g.in separate oI unitary compositions) or- sequenually in either order. In the latter .
.case, the two compounds will be admrmstered within a period and in an’ amount and
manner that is sufficient to ensure that an advantageous or synergrstlc effect i is I
-achieved. It will be apprecrated that the preferred method and order of admmlstratron
and the respectlve dosage amounts and regimes for each component of the combmatron
will depend on the particular’ other medicinal agent and HDAC Ainhibitor berng N

dosage amounts and regime can be readr]y detenmned by. those skilled in the art usmg
conventlonal methods and in vrew of the mfonnatmn set out herem

. administered, their route of admmrstratlon the particular tumour being treated and the _ . |
partlcular host being treated. The optlmum method and order of administration- and the . - -

The platinum. coordmatlon compound is advantageously adrmmstered ina dosage of | B .

"'to SOOmg per square meter (mg/m?) of body surface area, for example 50 to 400 mg/m
part:lcularly for c1splatm in a dosage of about 75 mg/m and for carboplatin in about
300mg/m per course of treatment. SR :

S 'The taxane compound is advantageously admrmstered ina dosage of 50 to 400 mg per
.30

square méter (mg/m?) of body surface area, for example 75 to 250 mg/m?, particularly
for pachtaxel in a dosage of about 175 to 250 mg/m and for.docetaxel in-about 75 to .
150 mg/m per course of treatment. ' ' o

The camptothecin compound is advantageous]y adnnmstered ina dosage of 0.1 to'400
mg per square meter (mg/m?) of body surface area, for example 1 to 300 mg/m
particularly for i mnotecan in a dosage of about 100 to 350 mg/m and for topotecan in
about 1 to 2 mg/m” per course of treatment '

2
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The anti-tumour podophyllotoxin derivative is advantageously administered in a dosage
of 30 to 300 mg ber square meter (mg/m?) of body surface area, for example 50 to ‘
250mg/m?, particularly for etoposide in a dosage of about 35 to 100 mg/m? and for

teniposide in about 50 to 250 mg/m’ per course of treatment. '

The anti-tumour vinca alkaloid is advantageously administered in a dosage of 2 to 30
mg per square meter (mg/m?) of body surface aree, particularly for vinblastine in a
dosage of about 3 to 12 mg/mz, for vincristine in a dosage of about 1to 2 mg/m?, and
for vinorelbine in dosage of about 10 to 30 mg/m® per course of treatment. '

The anti-tumor nucleoside derivative ie advantageously administered in a dosage of 200

t0 2500 mg per square meter (mg/m®) of body surface area, for example 700 101500
. mg/m?, particularly for 5-FU in a dosage of 200 to 500mglm for gemcnabme ina

dosage of about 800 to 1200 mg/m and for capecxtabme in about 1000 to 2500 mg,/m
per course of treatment

The alkylating agents such 'as ni!rogen mustard or nitrosourea is advantageouély .

"'administered in a dosage of 100 to 500 mg per square meter (mg/mz) of body surface

area, for eXampIe 120 to 200 mg/m?, particularly for cyclophbsphamide in a dosage of L
about 100 to 500 mg/m for chlorambucil in a dosage of about 0.1 to 0.2 mg/kg, for
carmustine in a dosage of about 150 to 200 mg/m and for lomustine in'a dosage of

about 100 to 150 mg/m? per course of treatment. -

The anti-tumor ahthracycﬁne derivative is advantageously administered in a dosage of
10 to 75 mg per square meter (ng/m?) of body surface area, for example 15 to 60 ’
mg/m pamcularly for doxorubicin in a dosage of about 40 to 75 mg/m for
daunorubicin in a dosage of about 25to 45mg/m and for 1darublcm in a dosage of

about 10 to 15 mglm per course of treatment. ' ‘

Trastuzumab is édvamtageouély administered in a doéage of 1 to Smg per square meter
(mg/m®) of body surface area, particularly 2 to 4mgm? per course of treatment.

The antiestrogen agent is advantageously administered in a dosage of about 1 to 100mg |

daily depending on the particular agent and the condition being treated. Tamoxifen is '

advantageously administered orally in a dosage of 5 to 50 mg, preferably 10 to 20 mg

twice a day, contmumg the therapy for sufficient time to achieve and maintain a

therapeutic effect. Toremifene is advantageously administered orally in a dosage of - -

about 60mg once a day, continuing the therapy for sufficient time to achieve and o ‘
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maintain a therapeutic effect. Anastrozole is advantageously administered orallyin a
dosage of about 1mg once a day. Droloxifene is advantageously administered orally in
a dosage of about 20-100mg once a day. Raloxifene is advantageously administered
orally in a dosage of about 60mg once a day. Exemestane is advantageously
administered orally in a dosage of about 25mg once a day. '

These dosages may be administered for example once, twice or more per course of
treatment, which may be repeated for example every 7,14, 21 or 28 days.

In view of their useful pharmacological propertres, the components of the combmatrons
accordmg to the 1nvenhon i.e. the other medicinal agent and the HDAC inhibitor may .

" be formulated into various pharmaceutical forms for admrmstratlon purposes The

' components may be formulated separately in individual pharmaceutrcal composmons
' or ina umtary pharmaceutlcal composmon contammg both components '
15 :

The present invention therefore also relates toa pharmaceutrca.l composrtlon

. comprising the other medicinal agent and the HDAC 1nh1b1tor together w1th one or

" . more pharmaceutrcal camers

w207

o of tumour cells.

35

The present invention.also relates to a combination according to the invention in the -

form of a pharmac‘euticall composition comprising an anti-cancer agent and a HDAC - -

. inhibitor according to the in'vention together with one or mor'e .pharmaceutical carriers. | -

The present invention further relates to the use of a combmatlon accordmg to the -

invention in the manufacture of a pharmaceuttcal composition for mhrbltlng the growth -

" The present invention further relates to a product contammg as first actrve mgredrent a, T

_ " HDAC mh1b1tor accordmg to the invention and as second actlve mgredlent an.

30
:  use in the treatment of patlents suffenng from cancer

anticancer agent,as a combmed preparation for s1multaneous separate or sequentlal '

&p'gi_mgl__pgrt

| The following examples are provided for purposes of illustration.

. Hereinafter “EDC” means N'- (ethylcarbonumdoyl)-N,N~d1methyl 1 3-propaned1armne

" monohydrochloride “DCM’ means drchloromethane “DIEA” means
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diisopropylethylamine, “DIPE” means d.usopropyl ether, ‘DMF” means. ‘
dimethylformamide, “EtOAc” means ethyl acetate, “iPrOH” means isopropyl, “MeOH” ‘
means methanol, “BtOH” means ethanol, “PyBrOP” means bromo-tris-pyrrolidino-
phosphonium hexafluorophosphate, “TEA”means triethylamine, “TFA” means
trifluoroacetic acid and “THEF” means tetrahydrofuran.

_ .A' Preparation of the intermediates

Exam ample Al .

‘a) A solution of hexahydro— 1H-1 4-drazepme (0.20 mol) and 1-ﬂuoro-4—n1tro-benzene .
. (0.10 mol) in DCM (300 ml) was stirred at room temperature for 24 hours under

n1trogen atmosphere Yellow crystals precrprtated The precipitate was collected on -

filter, washed with ether and dried. The residue (21.1 g, 87%) was taken up in water and
treated with a3 N NaOH solution. T his mixture was extracted with DCM (3 X 500 ml),
dried (Na;SOq), frltered, and the solvent- was removed. under reduced pressure and dried .-
under vacuum at room temperature for 16 hours, yreldrng 18.3 gof: hexahydro-l -(4- o

~nitrophenyl)- 1H-1,4- -diazepine (interm. 1) melting point 115- 116°C. . :
- b) Bis-(1, l-drmethylethyl)-drcarbomc acrd ester (0. 090 mol) in DCM (100 ml) was
. added to acooled (ice bath) solution of interm. 1 (0.090 mol) in DCM (200 rnl), wrth

stirring. Evolutlon of gas was observed. After the evolution of CO; stopped the ice-
bath was removed and stirring was contmued for3 hours at room temperature The

: reaction mixture was washed witha 1 N HCl'solution and water, then dried. The -

solvent was evaporated, yielding 20.5 g (70%) of hexahydro-4- (4-mtrophenyl)- lH—l 4- 2
diazepine-1-carboxylic acid, 1 l—dxmethylethyl ester (1nterm 2) meltmg pomt 128- '
130°C. : :

) Interm 2 (0.047 mol) was added portlonwrse (over a 20-mm penod) toa reﬂuxmg

mixture of hydrazme monohydrate 15 ml) in methanol (700 ml) and Raney’ Nickel
(16.1 g). The reaction mixture was stirred and refluxed until the yellow color was .

‘drscharged The mixture was continued refluxmg for an additional half an hour The

catalyst was removed by filtration. The solvent was evaporated yreldmg 13.0 gof 4-(4-

anunophenyl)hexahydro—lH—l 4—d1azepme-1-carboxylrc acid, 1 1-d1methylethy1 ester

(1nterm 3).

. d) A mixture of interm. 3 (0.045 mol) and (l-ethoxyethylldene)-hydrazmecarboxyhc

acid, ethyl ester (0.090 mol) was heated neat on an oil bath at 130°C for 1 hour, with’

stirring. After additional two hours, the reaction mixture was cooled and 2-propanol

(about 100 ml) was added with trituration. The solid was filtered and dried to give 14 g
of solid. This solid was triturated with ether, filtered off and dried, yielding 13.0 g
(77%) of lH-l,4—diazepine—1-carhor(ylic acid, 4-[4-(1,5-dihydro-3-methyl-5-oxo0-4H- .
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1,2,4-triazol-4-yl)phenyl]hexahydro-1H-1,4-diazepine-1-carboxylic acid, 1,1-
dimethylethyl ester (interm. 4) , melting point 238-240°C.

e) Reaction under Ar atmosphere. 1,1,1-Trimethyl-N-(trimethylsilyl)- silanamine,
sodium salt (0.01 mol; 10 mi, 1 M/THF) was added (via syringe) to interm. 4 (0.01
mol) in DMF (200 ml), at room temperature. Solid sodium salt started to form. It was
stirred vigorously and additional DMF (200 ml) was added. A solution of 2-bromo-
butane (0.02 mol) i in DMF (100 ml) was added slowly at room temperature The
reaction mixture was stirred at room temperature for 18 hours. The DMF solvent was
removed (vacuum pump). Water was added to the reSIdue and the resulting oily product

- was taken up with ether (500 ml) The ether solution was concentrated to gwe 2.70 g
(oily matenal which solidified on standmg, 62% yleld) which was further punﬁed by -

flash, column chromatography over- sﬂlca gel (eluent 1% (10%
NH,OH/CH;0H)/CH;Clz) yleldlng 0. 55 g of 4-(4-1, 5—d1hydro-3-methyl -1-(1- .
methylpropyl)-5-ox0-4H-1,2 4-tmazol-4-yl]phenyl]hexahydro 1H-1 ,4-diazepine-1-- ;
carboxylic acid, 1,1- dJmethylethyl ester (mterm 5) meltmg point: 119—120°C ‘

' f) Interm. 5 (0.0014 mol) was added into a cooled solutlon ‘'of TFA (5 ml; ice-bath) for
'30 min. The solvent was removed under reduced pressure. Water was added and the
" mixture was saturated with potassmm carbonate This mixture was extracted with
: ‘ethylacetate (2 x 50 ml), dried over sodium sulfate filtered and the solvent was .
‘removed yielding 0.35 g (65%) of 4-[4-(hexahydro—1H—1 A-diazepin-1- yl)phenyl]-Z 4»
' d1hydro—5-methyl-2—(1-methylpropyl)- 3H—1 2,4-triazol-3-one (mterm 6).

2 A mixture of interm. 6 (©. 00076 mol), 4-bromo-benzoic acid, methyl ester (0. 00304. :
mol) (lR) [1, l-bmaphthalene] -2 2'-d1ylb1s[d1phenyl- phosphine (0. 016 g), sz(dba)g,
(0.008 g) and Cs,CO3 (0.40 g) i in toluene (10 ml) was placed in a pressure tube - _
(containing a small magnetlc stirring bar) in a glove box under argon (The pressure tube

+ was capped tlghtly and was ‘heated in an oil bath at 120°C for.12 hours with stlrrmg)

. ‘More (1R)- [1 1'-bmaphthalene]-2 2'-d1ylb1s[d1phenyl- phosphme (0.016 g), sz(dba)3

30
" under reduced pressure to dryness. The residue was puirified by flash chromatography '

35

" (0.008 g) and CSzCO;; (0.40 g) were added. The. mlxture was heated at 120°C i in the 011 :
" bath for 24 hours. The reactlon mixture was filtered to remove the i morgamc solid " '

material and was washed with about 20 ml of CHCl; . The filtrate was concentrated

on silica gel (eluent: NH;OH/CH30H/CH,Cl, 0. 1/0.9/99). The desued fractions were.
combined and the solvent was evaporated and dried at room temperature under vacuum
for 16 hours, yielding 0.21 g (60%) of 4-[4-[4-[1,5-dihydro-3-methyl-1-(1-
methylpropyl)-5-0x0-4H-1,2,4- mazol-4-yl]phenyl]hexahydro-1H-1 4-diazepin-1- yl]-
benzoic acid, methy] ester (interm. 7), melting point 152°C-153°C.
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Example A2

A mixture of 4-[4-(phenylmethyl)-1-piperazinyl]- benzoic acid (0.0145 mol), O- .
(tetrahydro-2H-pyran-2-yl)- hydroxylamine (0.029 mol), N,N’-methanetetrayl-
biscyclohexanamine (0.0145 mol) and 1-hydroxy-1H-benzotriazole (0.021 mol) in
DCM p.a. (200 ml) was stirred at room temperature over the weekend. The reaction
mixtare was washed with water, dried (MgSOs), filtered and the solvent was
evaporated. The residue was crystallized from EtOAc, filtered off and dried, yielding
3.5 g-and another crop: 2.0 g, total yielding 5.5 g (95%) of 4.-[4-(phenylmethyl)-1-

: piperazinyl];N- [(tetrahydro-ZH-pyran-Z?yl)oxy]- benzamide (interm.-8).

Example A3

mtermedx ate 9

A solutlon of 1-(pheny1methyl)- p1perazme (0.068 mol).in acetomtnle p a. (135 ml)
“was added gradually to a solution of potassmm carbonate (0 18 mol) and2-

(methylsulfonyl)- —pynmldmecarboxyhc acid, ethyl ester (O 082 mol) in acetomtnle

* p.a. (135 inl) and the reaction mixture was stirred for 45 min at room temperature
' “Then, the reaction mixture was stood overnight DCM (400 ml) Wae added Water (300
ml) was added and the organic layer was separated, dried (MgSOsy), filtered and the
. solvent was evaporated. The residue (28g) was purified by column chromatography
- over s1hca gel (eluent:. DCM/MeOH 95/5) The pure fractions were collected and the

solvent was evaporated The res1due was crystalhzed from acetomtnle ﬁltered off and h

. - dried in vacuo, yielding 15.1 g of 1ntermed1ate 9.
.25

e

1ntermed1ate 10

A mixture of intermediate 9 (0.03 mol) in 'EtOH (250 ml) was hydrogenated at. 50 °C

' ~with Pd/C 10% (2 g) as a catalyst. After uptake of Hy (1 equiv), the catalyst was ﬁltered' o
off and the filtrate was evaporated. The residue was purified by column.

" chromatography over silica gel (eluent..DCM/(MeOH/NH3) 90/10). The product

fractions were collected and the solvent was evaporated, yielding 6.8 g (>96%) of
intermediate 10. - L
c) Preparation of
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intermediate 11 :
Titanium tetrakrs(ethoxrde) (0.0029 mol) was added to a rmxture of intermediate 10
(O 0022 mol) and 4—oxo—l-plpendmecarboxyhc acid, 1 l-dlmethylethyl ester (0.0027
mol) in 1 ,2-dichloro- ethane (6ml). The mlxture was stirred at 50°C for 18 hours, then

~ cooled to room temperature. NaBH(OAc); (0.0029 mol) was added portionwise. The "

mixture was stirred at room temperature for 2 hours. Water was added. The mixture

. was extracted with DCM and ﬁltered over celite. The organic layer was separated

dried (MgSO0y), ﬁltered and the solvent was evaporated till dryness The residue (1 1 g)
was crystallrzed from diethyl ether/DIPB “The precrpltate was filtered off and dned,

y1eld1ng 0 49g (51%) of mtermed1ate 11.
‘/\-N/OH

HCl -
1ntermed1ate 12

. A mlxture of 1ntermed1ate 11 (0. 0011 mol) in HCl/lPrOH (5ml) was stirred at 50°C for :

1 hour, then cooled to room temperature. The: precrpltate was filtered, washed wrth

- EtOH, then with. dlethyl ether and dried, yxe]dmg 0. 38g (94%) of intermediate 12 (HCI -

salt)
e) Prevaratlon of

@‘O’l
\) ) .

° 1ntermed1ate 13

A solutron of 2-naphthalenesulfony1 chloride (0. 0011 mol) in DCM (1ml) was added at :

5°Ctoa m1xture of intermediate 12 (0.001 mol) and TEA (0.0032 mol) in DCM (4ml)
under N; flow. The mixture was stirred at room temperature overnight. Potassium
carbonate 10% was added. The mixture was extracted with DCM. The organic layer
was separated, dried (MgSOy), filtered, and the solvent was evaporated till dryness. The
residue (0.53g) was taken up in diethy! ether/DIPE. The precipitate was ﬁltered off and
dried yielding 0.42g (77%) of:- 1ntermed1ate 13
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Examgle A4
a) Preparation of

1ntermed1ate 14
Tetrak1s (2—propanolato) titanium (0.0023 mol) was added to a rmxture of 1-(2-

. naphthalenylsulfonyl) plperazme (O 0018 mol) and 4-oxo-1-piperidinecarboxylic acid,

1,1-dimethylethyl ester (O 0021 mol) in 1,2-dichloro- ethane (6ml) under N flow. The

- mixture was stirred at 50°C for 18 hours, then cooled to room temperature
’ NaBH(OAc)3 (0.0023 mol) was added port10nw1se The mixture was stirred at room

temperature for 4 hours. Water was added. The mixture was filtered over celite. The
mixture was extracted with DCM. The filtrate was decanted The orgamc layer was -
separated dried (MgSO0a), filtered, and the solvent was evaporated till dryness. The
residue (1. 3g) ‘was punﬁed by column chromatography over- silica gel (70-200um)
(eluent: DCM 100 to DCM/MeOH 99/1). The pure fractions were collected and the .
solvent was evaporated, yleldmg 0.72g (86%) of 1ntermed1ate 14 :

oheo

HCl

- intermediate 15 :

A mixture of 1ntermed1ate 14 (O 0014 mol) in HCV/iPrOH 5N (10m1) was stlrred at .
50°C for 18 hours, then cooled to room temperature, filtered, washed with diethyl ether .
and-dried, y1eld1ng 0. 53g (95%). of mtermedlate 15 (HCl salt) meltmg point 260°C )

[ 1
- mtenned1ate 16
A solution of 5-bromo-Z-ﬁuancarboxaldehyde (0.0171 mol) i in1l 2-d1methoxyethane '
(15ml) was added dropwise at room temperature to a solution of '
tetrakis(triphenylphosphine)- palladium (0.0045 mo}) in 1,2-dimethoxyethane (S0mI) '

under N, flow. The mixture was stirred for 20 minutes. A suspension of [4-
(hydroxymethyl)phenyl]- boronic acid (0.0257 mol) in EtOH (18ml) was added: The

b) Preparatlon of

N

Example AS -
Preparatlon of
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mixture was st1rred for 20 minutes. Sodlumcarbonate (O 15 mol) was added. The
mixture was stirred and refluxed for 4 hours, then brought to room temperature. The
organic layer was evaproated. The residue. was taken up in DCM and washed with
water. The organic layer was separated, dried (MgSO,), filtered, and the solvent was
evaporated. The residue (4.1g) was purified by column ohromatography over silica gel
(15-40pm) (eluent: DCM/MeOH 99/1). The pure fractions were collected and the

.solvent was evaporated, yielding 2.8g (82%) of intermediate 16.

a) Preparahon of

RO =An

(o]

1ntermed1ate 17,

A SOIllthIl of 2- (methylsulfonyl)— 5-pyn1rnd1necarboxylxc ac1d ethyl ester (. 0434 mol)
~ in acetonitrile (IOOml) was added dropwise at 10°c toa solutlon of4- 3
‘plpendmemethanamme (0. 0868 mol) and potassrum carbonate (0. 0434 mol) in

acetomtnle (200ml) under N flow. The mixture was stlrred at room temperature for 2 .- a

e hours, poured out into ice water and extracted with DCM The orgamc layer was

20

s

.30

. separated, dned (MgSO4) ﬁltered and the solvent was evaporated The residue -
¢ (14.18g) was punﬁed by column chromatography over silica gel (20—45um) (eluent:

DCM/MeOH/NH,OH 90/10/ 1'to 80/20/2). The pure. fractlons were collected and the ..

- solvent was evaporated, yneldmg 3. 7g (32%) of mtermed1ate 17.-

. b) Preparatmn of o

' . —d /; intermediate 18 °

To N-cyclohexylcarbodunude N’-methyl polystyrene (153mg) (NovaBlochem Cat Nr.'

o 01-64-0211) was added N-acetyl 3,4 S-mmethoxy- anthramhc acxd(O 2 mmol),

dissolved in THF (0.5ml), fo]lowed by l-hydroxy-lH benzotnazole dissolved i in THF
(0.5ml). This mixture was shaken for 10 minutes at room temperature Subsequently, _
intermediate 17 (0.1 mmol) dissolved in DCM (1ml) was added to the suspension after -
which the solvents were evaporated by means of a nitrogen flow at 50°C and .

* subsequently, the neat reaction mixture was left overnight at 90°C under a flow of

nitrogen. The product was drssolved in dichloromethane (2 mL) and filtered through a -
glass filter. The residue was rinsed with DCM (2 x 2ml) and the filtrate was



10
- added The resultmg solution was allowed to shake overmght at room temperature The -
; reacnon mixture was then concentrated under a mtrogen ﬂow at50°Ctoa volume of

* 5ml and then polymer supported methyl isocyanate (1.25 mmol/g, 0.25 mmol
} Argonaut, Cat. Nr. 800261) and (polystyrylmethyl)tnmethylammomum blcarbonate

15

- 20

25
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concentrated. The product was then treated with a mixture of THF(1ml) and aqueous
sodium hydroxide (1ml, 1N) for 48 hours at room temperature. Finally, the mixture was
neutralized by the addition of aqueous HCI (1ml, 1N), and dried at 70°C under a
nitrogen flow, yielding intermediate 18.

c) Preparation of .
>_ /"O""‘(D_{) g 0
N\ ' | |

O

5 p intermediate 19

To product mtermediate 18 (0.1 mmol) was added a solution of l-hydroxy-lH—
' benzotnazole (0.1 mmol), EDC (0.1 mmol) and TEA 0.12 mmol) in a mixture of

DCM/THF (3/4, 7m1) The reaction mixture was shaken for 5 minutes at room -
temperature, after which O-(tetrahydro-ZH—pyran—Z yl)- hydroxylamine (0 1 mmol) was._ .

(0.6 mmol) (NovaBiochem Cat. Nr 01- 64-0419) were added and, this mixture was . . )
shaken for an additional 2 hours The reaction mixture was flltered and the ﬁltrate . ’

: concentrated Preparative HPLC punﬁcatlon of the product yielded 29 mg of

mtermediate 19.

Ex ample A7

Preparation of

1@0% :

mtermedlate 20

Methanesulfonyl chlonde (0 006 mol) was added at 0°C to a solution of intermediate

27 (0.001 mol) and TEA (0.008 mol) in DCM (10ml) under N; flow. The mixture was
stirred at 0°C for 3 hours, poured out into ice water and extracted with DCM. The o
organic layer was separated, dried (MgSO,), filtered, and the solvent was. evaporated
yieldmg 0.44g of intermediate 20 This product was used directly i in the next reaction

' step
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Example A8
a) Preparation of

\ )

mtermed1 ate 21 .

A sample of intermediate (0.1 mmol) and 2—phenyl-4H—3 1-benzoxazm-4-one (0 1.
- mmol) were weighed into a vessel and toluene (2ml) was added. The vessel was sealed .

and the mixture heated for 10 hours at 90°C. Next the solvent was evaporated and the
res1due was taken up in DCM (4ml), followed by addition of ethaned10y1 dichloride (1 -

.-mmol) and DMF (1 mmol). The resultmg mixture was shaken overni ght at 90°C The .

reaction mixture was then washed with a 10% aqueous sodlum blcarbonate solution (2.
X 1ml), the phases were separated and the orgamc layer was concentrated yielding

i mtennedlate 21.

.' : b) Preparatlon of

o i , mtermedlate 22 : B
o :Intermedlate 21(crude) was treated with a mixture of THF/ IN aq NaOH/MeOH

: (1/ 1/0.2, 2. 2m1) while stxrred vi gorously overmght at room temperature Next, an -

aqueous HCI (1N, 1ml) was added to néutralize the solution. The solvents were -

“evaporated in vacuo, yleldmg 1ntermed1ate 22.
' iPreDaratlon of

o0

1ntermed1ate 23

-To mtermedlate 22 was subsequently added 1-hydroxy-1H-benzotriazole (0.13 mmol), -
chssolved in THF (dry, 1ml), EDC (0.13 mmol), dissolved in DCM (dry, lm]), and

TEA (0.15 mmol). The mixture was stirred at room temperature for 10 minutes. O-
(tetrahydro-ZH—pyran—Z—yl)- hydroxylamine (0.13 mmol), dissolved in THF (dry lml)

was added and the reaction mixture was stirred at room temperature overnight. The
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15

.20
. MeOH (10.ml1) and THF (10 ml) was st1rred at room temperature for 48 hours The
.~ solvent was evaporated. The residue was, éxtracted with DCM and was washed with
' ‘Wwater. The solvent was removed and the oily residue (O 225 g) was punﬁed by column

25,

30

AEx gle B2 -
; Preparatlon of
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WO 03/0764OQ ‘ ‘ : 36-

solvents were evaporated and the product was purified using reverse phase-HPLC,
yielding intermediate 23, melting point (219°C).

B. Preparation of final compound

Example B1 :
N—Fmoc-hydroxylannne 2-chlorotrityl resin (Novablochem 01-64-0165) was

deprotected by 50% piperidine in DMF (RT, 24 hr). The resin was washed several

times with DCM and DMF and swelled in DMF. Two equivalents of acid', PyBrOP
and 4 equivalents of DIEA were added as one portion. The mixture was shaken for 24
hr, liquid was drained and the resin was washed several times by DCM and DMF. The
resin was swelled in DMF containing 2 equivalents.of amine, was shaken 24 hr at RT

~ the liquid was drained and the resin was washed by DCM and DMF. The final product'

was cleaved by 5% TFA in DCM analyzed by HPLC and MS and evaporated in the :
pre-wei ghted test-tubes. : :

L Bgsed on the loadmg of the resin.

ww@&w

H,0
Compound 1

A mixture of mterm 7 (0. 00075 mol), NH20H/H20 50% (5 ml), KCN (0 001 mol),

chromatography over silica gel (eluent: NH40H/CH30H/CH2C12 0 05/0.95/99; then

' w1th NH40H/CH30H/CH2C12 0.1/0.9/99). The pure fractions were ‘collected and: the .

solvent was evaporated, yleldmg 0.114 g of compound 1 .H,0, melting point 182-

: 184°C and 0.040 g of 4-[4-[4- [1, 5. d1hydro-3-methy1 1- (l-methylpropyl)-S 0X0-4H- ,
12 4-tr1azol-4-yl]phenyl]hexahydro-1H—1 4-d1azep1n~ -yl]- benzoic acid, meltmg pomt

244-245°C.
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Compound 2

Interm. 8 (O 000088 mol) was stirred in 5% TFA/MeOH (5 ml) for 24 hours at 25°C.
Then the reaction mixture was poured out into water Gml)+1 eqmv of NaHCOs.
This rmxture was extracted with DCM (5 ml, 2 x). The separated organic layer was
dried (MgSO4) filtered and the solvent evaporated (blown dry under N flow at 50°C).
~The residue was dried (vacuum, 50°C), yreldmg 0018¢ (65%) of compound 2, meltmcr -

Example B3
Preparation of

'Ex gle B4 o
a)Pregaratron of -

.".Na

: ' ' mtermedlate 24 : ‘
A mlxture of 1ntermed1ate 13 (0 0008 mol) and sodiuin hydrox1de (0. 0016 mol).in
EtOH (10ml) ‘was stirred and refluxed for 2 hours, then cooled to room temperature
The pre01p1tate was filtered, washed with EtOH, then w1th dlethyl ether and dried,
yielding 0. 425g (>100%) of intermediate 24 (sodrum salt) I

b)Preparanon of .
L . Qn’ﬁ“

(1 F¥e o

- ' mtermedmte 25
EDC (0 OOl mol) was added to a mixture of 1ntermed1ate 24 (0. 0008 mol), O—~
(tetrahydro- 2H-pyran -2-yl)- hiydroxylamine (0.001 ‘mol) and 1-hydroxy-1H-

. benzotriazole (0.001 mol) in DCM/THF (10ml) under N, flow. The mixture wasstirred

at room temperature for 18 hours. The precipitate was filtered, washed with THF, then -
with diethyl ether and dried, yielding 0.4g (83%) of intermediate 25, melting point
260°C. .

¢) Preparation of
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0 - .0.91 CF;COOH
compound 3

TFA(O.Sml) was added to a mixture of intermediate 25 (0.0006 mol) in MeOH (10ml).
~ The mixture was stirred at room temperature for 5 days. The precipitate was filtered,
. washed with diethyl ether and dried.. The residue was taken up in'wate'r, stirred for 30
5  minutes, filtered off and dded,-yiolding 0.143g (38%) of compound 3¢091
CE;COOH), melting point 210°C. o

'-Ex ample BS |

- Preparation of
: ' ﬁ f

10 C : T intermediate 26

A mixture of intermediate 15 (0 0013 mol) 2-(methylsulfony1)— 5- v

pyrimidinecarboxylic acid, ethyl ester (0.0017 mol) and potassmm carbonate (0 0039 ‘
~ mol) in acetonitrile (10ml) was stlrred at 80°C for 18 hours Water was added. The
L mixture was extracted with DCM. The organic layer was separated, dned (MgSO4)

15, . filtered and the solvent was evaporated till dryness. The residue (0.5g). was crystalhzed

from CH3CN/DIPE The prec1p1tate was filtered off and dned yleldmg 0. 25g (B7%)of .

| “intermediate 26. i

- Intermediate 26 was handled analogously as described in exa.mple [B4] to glve 0 126g E

S (74%) of compound 4 ( 0 86 CF3COOH), melting pomt 230°C '

20 . L
‘ N’ﬁ ~ }

(Y

SN N

HO .
% .0.86 CF;COOH
compound 4

Example B6
Preparation of
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'Preparation' of
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-39.

intermediate 27

H

A mixture of iutenhediate 10 (0.0015 molj and intermediate 16 (0.0015 mol) in MeOH

(6ml) was stirred at 60°C for 20 hours, then cooled to 0°C. Sodium hydroBorate
(0.0022 mol) was added. The mixture was brought to room temperature, then stirred for
4 hours, poured out into ice water and extracted with DCM. The organic layer was

I separated dried MgSO,), filtered, and the solvent was evaporated. The res1due (0 8g)

was purified by column chromatography over silica gel (15-40pm) (eluent: ,

DCM/MeOH/NH40H 97/3/0.1 to 95/5/0.1). The pure fractions were collected and the
solvent was evaporated, yielding 0.28 g (45%) of intermediate 27. ' -
Intermediate 27 was handled analogously as described in example [B4} to glve 0. 143g .

. (89%) of compound 5 (0. 83 CF3COOH) meltmg pomt 219°C

H0~

.0.83 CR,COOH
compound 5

/\OJ\[\N
U
2L eves
B N N
" intermediate 28
A mixture of intermediate 10 (0 0042 mol) and 2-naphthalenecarboxaldehyde ©. 005

mol)in 1, 2-dichloro-ethane (10ml) was stirred at 50°C for 3 hours, then coeled to room

- temperature. NaBH(OACc); (0.0055 mol) was added portionwise. The mixture was - )
- stirred at room temperature for 2 hours. Water was added. The mixture was extracted
~ with DCM. The organic layer was separated dried (MgSOy), filtered, and the solvent

was evaporated till dryness. The residue (Zg) was taken up in CH;CN/DIPE. The B
prempltate was filtered off and dned yielding 1.2g (75%) of intermediate 28, melting
point 147°C.

Intermediate 28 was handled analogously as described in example [B4] to’ glve 0.724g.
(88%) of compound 6 (.0.83 CF3COOH) meltmg pomt > 260°C.
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ng/ﬁ\{\/i
@

.0.83 CF;,COOH
compound 6 '

Example BS

P
"0
. . N |
1ntermed1ate 29 ' .
A solution of 2—naphthaleneethanol méthanesulfonate (0. 0029 mol) in acetomtnle
(3ml) was added at 5°C to a mixture of mtermedmte 10 (0.0024 mol) and potassmm

carbonate (O 0048 mol) in acetonitrile (6m1) The Imxture was stirred at room -
' Atemperature for 18 hours then stirred and refluxed overni ght and cooled to room

diethy] ether- and dried, yielding 0. 45g (48%) of mtermedlate 29, meltmg pomt 128°C.

Intermediate 29 was handled analogously as described in example [B4] to gnve 0. 254g L

(86%) of compound 7 (.0.79 CF3;COOH), melting pomt 209°C.

-““ﬂi@

.0.79 CF,COOH
compound 7 .

. Example B9
Prepardtion of . .

CF,COOH
, compound 8 -
Intermediate 19 (0.05 mmol) was treated with TFA (2ml , in DCM/MeOH 1/1) for 10
days at room temperature. Next, the solvents were evaporated at room temperature

temperature. Water was added. The mixture was filtered, washed with water, ther with
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under a flow of nitrogen, followed by addition of 1,4-dioxane and repeating the
evaporation procedure. Then the sample was dried under a nitrogen flow overnight at

- 40°C, vyielding compound 8 (.CFsCOOH).

Example B10
Preparation of

~hoy

mtermedlate 30 .

* A mixture of 1ntermed1ate 20 . 001 mol), morpholme (0. 0013 mol) and potassmm

carbonate (0.002 mo]) in acetomtrlle (6ml) was stirred and refluxed overni ght then _ '

: cooled, poured out into ice water and extracted with EtOAc. The organic layer was

separated, dried (MgSO4) filtered, and the solvent was evaporated The residue (O 79g)

. was punﬁed by column chromatography over silica gel (IO;Lm) (eluent:.

' , DCM/MeOH/NH40H 96/4/0.1). The pure fractlons were collected and the solvent was-

15

20

evaporated. The res1due (0.183g) was crystalhzed from DIPE ‘The precipitate was -

-filtered off and dried, yleldmg 0.086g (47%) of intermediate 30, meltmg point 120°C.

Intermediate 30 was handled analogously as described in example [B4] to glve 0. 432g
(87%) of compound 9 ( 0.47 H,0 .1.99 CF3COOH) meltmg pomt 140°C .

HOL AN Ay :
N N - .
hasasVs
7K
-compound 9 '
, .0.47 H,0O
- .1.99 CF,COOH "

Example B11
Preparation of

compound 10
.CF;COOH
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" A solution of TFA (5% in DCM/MeOH 1/1, 2ml) was added to intermediate 23 and the
reaction mixture was stirred for 5 days at room temperature. Next, the solvents were |
evaporated at room temperature under a flow of nitrogen, followed by addition of 1,4-
dioxane and the concentrating procedure was repeated. Then, the sample was dried

5  under a nitrogen flow overnight at 40°C, yielding compound 10 (.CF;COOH).

Table F-1 lists the compounds that were prepared according to one of the above .
‘Examples. The following abbreviations were used in the tables : .CoHF302 stands for

. .the trifluoroacetate salt.
0
‘Table F-1

— Y .'
e 1
Ao-d
N
HN\ ' A '
OH : .
.CoHF309 (1:2), Co. No.11; Ex. [B1]; ms. |-
2 378

: : : . o _Hc.)fNH K
. CONwOT £ - NS
HNbH — ) . E . ‘ o v »
.CpHF307 (1:2), Co. No.12; Ex..[B1]; ms: |.CoHF302 (1:2), Co. No.13; Ex. [B1]; ms. |- ‘
512 s o

, NHOQ St B
. f . . HN@'U‘

.CoHF30; (1:1), Co. No.14; Ex. [B1]; ms. |.C2HF303 (1:2), Co. No.15; Ex. [B1J; ms. |
356 . o

- 373 _
. ' Q. - 1
"o?\u_o' o _ Yo T
HN N\J_O " HN Q N\_j “ .
bH oH ' ,
.CoHF303 (1:2), Co. No.16; Ex.[B1}; |.CoHF303 (1:2), Co. No.17; Ex. [B1]; ms. |
ms.349 412
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Q
N*-O
Q - M\ N= /—\
3OO0 d
* bH
.CoHF309 (1:2), Co. No.18; Ex. [B1]; ms. .C2HF302 (1 2), Co. No. 19 Ex. [Bl] ms.
344 °C 411
Q -
N*O N+-0O"
‘3 d O Q =\
N\J . HNbH. ' \J_<\N:/> .
OH S ,
.C2HF309 (1:2), Co. No. 20 Ex. [Bl], .C2HF30; (1:2), Co. No21; Ex. [B1]; ms. |
. . 378 : ’ : 345 ..
S ~0 .
e to U y&»p
K . . . N
. HNbH

. .CzHF302 a: 2) Co. No. 22; Ex. [Bl] ms.

.C2HF302 12), Co. No. 25 Bx. [Bl],ms; -

nﬁ

OH

357

.C2HF302 (1:2), Co. No.24; Ex. [Bl],ms.

-‘.C2HF302 (12), Co. No 25 Ex. [Bl] ms. |

@u@

- 412

e _C2}1F302 (1 2), Co. No. 26 Ex. [Bl],ms.‘

C2HF302 (1. 1) Co No 27 Ex [Bl] ms.:

o .

411 , 356 ‘
| Q. L
Ao ’j?
—N__ _NH
HO-NH “ O—T ‘

- 397

* [:C;HF307 (1:1), Co. No.28; Ex. [B1]; ms.

C2HF302(1 2) Co No.29; Ex [Bl],ms.,
| 344
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HOL NH 9‘\
(\N
N
. O@ -OJ‘”%o @/ N\)
F : \

.CoHF307 (1:2), Co. No.30; Ex. [B1]; mg. .CoHF305 (1:2), Co. No.31; Ex. [B1]
g 361 ' L '
HO-

) NH
HO\NH . . .

2] | o 'O)D
l/\)j:; | g M.

.  , ¢1/$)-'°'*0 N (,j .

M : . Cl co
.C2P1F302 (1:2), Co. No.32; Ex. [Bl]; ms., -.C2HF302 (1:2), Co. No.33; Ex [B1]; ms.
' . 345 ] 377 | -
Moy T 1 . HO., :
O%D - : T : o | '
TN ' TN
.CzHEgOz (1:2), Co. No.34; Ex. [B1]; ms. |.CoHF305 (1:2), Co. No.35;_:va. [Bll;ms. |
T 361 | - 49, o
H?\NH -

o
|

i K . . . ' - . ‘ ' ‘ ' o .
o N\/' 'O’N§o . : " ‘ QN/O
-CZHF302 (1:2), Co. No.36; Ex. [B1]; ms. | .CoHF302 (1:1), Co. No.37; Ex. [Bf]; ms:|
R 373 S _ 398

o Ho\NH DR
B o A A | § -
=N VA
o - o o ©/ \
cr e

.CoHF30; (1:2), C:-li“"-"'& Ex BLEms. | R0, (1:2), Co. No.39; Ex. [B1]
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- 2o
M
' <ZK§

401

.CoHF309 (1:2), Co. No.40; Ex. [B1]; ms.

H<:>\NH

“CoHF30; (1:2), Co. No.42; Ex. [BIJ, ms. |

433

B
- o
()

N oMo

343

| CoHF303 (1:2), Co. No.44; Ex. [B1]; ms.-

"CoHF303 (1:2), Co. No45; Ex. [B1]; ms.

385

HO‘I;JH ‘. : L
o \ N ",.' .
? |

oYY

N oMo

T [ CoHF307 (1:2), Co. No4T; Ex. [BIms. | -

357

j___g .

.H20 Co No. 1; Ex. [B2]; mp. 82-184°C

4 “‘*?LOm

e

.C,HF;0; (1:1), Co. No.48; Ex. [B3]

Co. No. 2; Ex. [B3]; mp. 196°C
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%? |
” N/
Meioe OO
N; N. ] N.
x T 0 LY
HO’ HO” =z
o _ ' o]
0.91 CoHF307; Co. No. 3; Ex. [B4]; mp. | 0.86 CoHF305; Co. No. 4; Ex. [B5]; mp.
| 210°C : 230°C
(s s SN Bae
: H I A . . HO\N ‘
.. . ' ) N
B U e eve e
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C,HF;0, (1:1); Co. No.53, Ex. [Bll] C,HF50, (l-:‘ll); Co. No.54; Ex. [B11] .

C. Pharmaeolo ical exam le': L

: The in vitro assay for. 1nh1b1t10n of histone deacetylase (see example C. 1) measures. the o
- 1nh1b1t10n of HDAC enzymatlc act1v1ty obtamed w1th the. compounds of formula @.

; Cellular activity of the compounds of formula (I) was. determmed on A27 80 tumour.
~cells using a colorimetric assay for cell toxicity or survival (Mosmann Tun, J oumal of .
. Immunologlcal Methods 65: 55—63 1983)(see example C. 2) '

. Kinetic solubxhty in aqueous media measures the ab1llty of a compound to stay in

" aqueous solution upon dllunon (see example C.3).

15

20

25

' ‘DMSO-stock solutnons are dlluted with a single aqueous buffer solvent in 3 consecutwe

steps. For every d_11utlon ,turbldlty is measured with a nephelometer ‘

A drug’s penneability expresses'its ability to move from on¢ medium into or through . 1
another. Specifically its ab111ty to move through the intestinal membrane into the blood
stream and/or from the blood stream into the target Permeabnhty (see example C.4) can -
be measured through the fonnatlon of a filter-immiobilized artificial membrane ,
phospholipid bilayer. In the filter-immobilized artificial membrane assay, a “sandwich”

" is formed with a 96-well microtitre plate and a 96-well filter plate, such that each

composite well is divided into two chambers with a donor solution at the bottom and an
acceptor solution at the top, separated by a 125 pm micro-fi]ter»djso (0.45 pm pores),
coated with 2%(wt/v) dodecane solution of dloleoylphosphatxdyl-chohne, under
conditions that multi-lamellar bllayers form inside the ﬁlter channels when the system
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contacts an aqueous buffer solution. The permeability of compounds through this
artificial membrane is measured in cm/s. The purpose is to look for the permeation of
the drugs through a parallel artificial membrane at 2 different pH's: 4.0 and 7.4.
Compound detection is done with UV-spectrometry at optimal wavelength between
250 and 500 nm. |

| Metabolism of drugs means that a lipid-soluble xenobiotic or endobiotic compound is

. enzyme'tically transformed into (2) polar, water-soluble, and excretable metabolite(s).

| ‘The major organfor drug metabolism is the liver. The metabolic products are often less
actlve than the parent drug or inactive. However, some metabolités may have. enhanced
act1v1ty or toxic effects Thus drug metabohsm may include both “detoxrcatron and -

: “toxrcatlon processes. One of the major enzyme systems that determme the

organism’s capability of dealing: with drugs and chermcals is represented by the
cytochrome P450 monooxygenases ‘which are NADPH dependent enzymes Metabohc
stablhty of compounds can be determmed in vitro with the use of subcellu]ar human -

: tlssue (see example C.5). Here metabohc stabrhty of the compounds i is expressed as %

. of drug metabolised after 15 mmutes 1ncubat10n of these compounds w1th mrcrosomes Co
Quanntanon of the compounds was determmed by LC-MS analysrs_ . '

The tuinour suppressor p53 transcnptlonally actrvates a nizmber of genes mcludmg the '
WAF 1/CIP1 gene in response to DNA damage The 21 kDa product of the WAF 1 gene ‘

‘ is found in a complex 1nvolvmg cychns cyclin dependent kinases (CDKs) and

, prohferatmg cell nuclear antigen (PCNA) in normal cells but not transfonned cells and

- | appears to be a universal inhibitor of CDK activity. One consequence of p2IWAF1 -
25

~ binding to and inhibiting CDKs i 1s to prevent CDK-dependent phosphorylatlon and
' subsequent inactivation of the Rb protem, which is essential for cell cycle progressmn
' Inductlon of p21WAF1 in response to cellular contact with a HDAC 1nh1b1tor is . ‘
. therefore a potent and specific 1ndlcator of 1nh1b1t10n of cell cycle progresswn at both :

" the G1 and G2 checkpoints.

The capacrty of the compounds to induce p2 IWAF 1 was measured with the. p21WAF 1
enzyme linked immunosorbent assay (W, AF 1 ELISA of Oncogene). The p21WAF1
-assay is a “sandwich” enzyme 1mm_unoassay employing both mouse monoclonal and
rabbit polyclonal antibodies. A rabbit polyclonal antibody, specific for the human
' WAFI1 protein, has been immobilized onto the surface of the plastic wells provxded in
the k1t Any p21WAF present in the sample to be assayed will bind to the: capture
antibody. The biotinylated detector monoclonal antibody also recognizes human .
p21WAF1 protein, and will bind to any p2I WAF1, which has been retained by the .
capture' antibody. The detector antibody, in turn, is bond by horseradish peroxidase- . ‘




10
. s :

20 .
 was extracted wrth ethylacetate After rmxm g and centrlfugatxon the radloactlvrty in an
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conjugated streptavidin. The horseradish peroxidase catalyses the conversion of the
chrorogenic substrate tetra-methylbenzidine from a colorless solution to a blue
solution (or yellow after the addition of stopping reagent), the intensity of which i is
proportional to the amount of p21WAF1 protein bond to the plate. The colored reaction
product is quantified using a spectrophotometer Quantitation is achieved by the
construction of a standard curve using known concentrations of p21WAF 1 (provrded

_ ]yophrlrsed)(see example C.6).

Examp le C.1: In Vitro Assay for Inhibition of histone 'deace'tylase

‘HeLa nuclear extracts (supplier; Biomol) were incubated at 60 pg/ml with 2x10° M of

' radiolabeled peptide substrate. As'a substrate for measuring HDAC activity a synthetic

peptrde, i.e. the amino acids 14-21 of histone H4, was used. The substrate is
brotlnylated at the NHz—termmal part with a 6- armnohexanorc acid spacer, and.i is. _
protected at the COOH-terminal part by an amide group and specrﬁcally [ H]acetylated ‘
at lysine 16. The substrate, blotm—(ﬁ— nohexanoxc)Gly—Ala—([ H] acetyl-Lys-Arg- :
Hls-Arg-Lys-Val-NHz) was added in a buffer contarmng 25-mM Hepes, 1M sucrose
0.1 mg/ml BSA and 0.01% Triton X-100 at pH 7.4. After 30 min the deacetylation "
reaction was tefminated by the addition of HCl and acetic a01d (final concentration -
0.035 mM and 3.8 mM respectrvely) After stoppmg the reaction, the free 3H-acetate

For each expenment controls (containing HeLa nuclear extract and DMSO wrthout

- compound) a blank mcubatlon (containing ] DMSO but no HeLa nuclear extract or

compound) and samples (contamrng compound chssolved in DMSO and HeLa nuclear

: extract) were run in parallel In first mstance, compounds were tested at a concentmtlon. R

of 10 M. When the compounds showed act1v1ty at 10° M, a concentratlon—response
curve was made wherein the compounds were tested at cornicentrations between 10°M
and 10"*M. In each test the blank value was- substracted from both the control and the.
sample values. ‘The control sample represented 100% of substrate deactylation. For
each: sarnple the radioactivity was expressed asa percentage of the mean value of the
controls. When appropriate ICso-values (concentration of the drug, needed to reduce the . -
amount of metabolites to 50% of the control) were computed using probit analysis for '
graded data. Herein the effects of test compounds are expressed as pICsp (the negative
log value of the ICso-value). All tested compounds showed enzymatic activity at a test
concentration of 10°M and 28 compounds had a pICso 2 5 (see table F-2).
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Example C.2: Determination of antiproliferative activity' on A2780 cells

All compounds tested were dissolved in DMSO and further dilutions were made in
culture medium. Final DMSO concentrations never exceeded 0.1 % (v/v) in cell
proliferation assays. Controls contained A2780 cells and DMSO without compound and

blanks contained DMSO but no cells. MTT was dissolved at 5 mg/ml in PBS. A glycine

buffer compnsed of 0.1 M glycme and 0.1 M NaCl buffered to pH 10.5 w1th NaOH (1
N) was prepared (all reagents were from Merck)

~ The human A2780 ovarian carcinoma cells (a kind gift from Dr T.C. Hamilton [Fox

Chase Cancer Centre, Pennsylvama, USA]) were cultured in RPMI 1640 medium
supplemented with 2 mM L-glutamine, 50 pg/ml gentamicin and 10 % fetal calf serum.
Cells were rout:mely kept as monolayer cultures at 37°C in a humidified 5 % CO; '

~atmosphere. Cells were passaged once a week usmg a trypsm/EDT A solu’uon ata spht ,

ratio of 1:40: All media and supplements were obtained from Life Technologles Cells -

‘were free of mycoplasma contammatlon as determined vsing the Gen-Probe

Mycoplasma Tissue Culture kit (suppher‘ BloMeneux) S
Cells were seeded in NUNCTM 96-well culture plates (Suppher L1fe Technologles) and"

" . allowed to adhere to the plastic overmght Densmes used for plating were 1500 cells: ‘per

well in a total volume of 200 pl medium. After cell adhesron to the plates, medlum was
changecl and drugs and/or solvents were added to a final volume of 200 pl. FolIowmg Lo o ‘
four days of 1ncubat10n, medrum was replaced by 200 pl fresh medium and cell dens1ty o

and: Vlablhty was assessed usmg an MTT-based assay To each well, 25 ml M’IT

solution was added and the cells were further mcubated for 2 hours at 37°C The

medium was then carefully aspirated and the blue MTT- formazan product was

solublhzed by addr’uon of 25 pl glycine buffer followed by 100 pl of DMSO. The:

| microtest plates were shaken for 10-min.on a mxcroplate shaker and the absorbance at .

540 nm was measured usmg an Emax 96-well spectrophotometer (Supplier: Sopachem) .

Within an expenment the results for each expenmental condltlon are the mean of 3

rephcate wells. For 1mt1al screening purposes, compounds were tested at a smgle ﬁxed
concentration of 1043 M. For active compounds the expenments were repeated to

establish full concentration-reSponse. curves. For each expenment controls (contamm g ‘
no drug) and a blank 1ncubat10n (containing no cells or.drugs) were run in parallel. The
blank value was subtracted from all control and sample values. For each sample, the

mean value for cell growth (in absorbance units) was expressed as a percentage of the
mean value for cell growth of the control. When: appropriate, ICso-values (concentration -
of the drug, needed to reduce cell growth to 50% of the control) were computed using '
probit analysis for graded data (Finney, D.J., Probit Analyses, 2 Ed. Chapter 10, Graded
Responses, Cambridge University Press, Cambridge 1962). Herein the effects of test
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compounds are expressed as pICso (the negative log value of the ICsq-value). Most of
the tested compounds showed cellular activity at a test concentration of 105M and 9

compounds had a pICsp > 5 (see table F-2)

Example C.3: Kinetic solubility in aqueous media

In the first dilution step, 10 pl of a concentrated stock-solution of the active-compound

solubilized in DMSO (S5mM), was added to 100 pl phosphate citrate buffer pH 7.4 and

. mixed. In the second dilution step, an ahquot (20 ul) of the first dilution step was

10°

* further d1spensed in 100 pl phosphate citrate buffer pH 7.4 and mixed. Finally, in the

third dilution step; a sample (20 ul) of the second dilution step was further diluted in

"100 pl phosphate citrate buffer pH 7.4 and mixed. All dilutions were performed in 96-

e well plates. Immedrately after the last dilution step the turbidity of the three.

- 15

R consecutive dilution steps were measured with a nephelometer. Dilution was done in

tnphcate for each compound to exclude occas1onal errors. Based on the turbidity

o measurements a ranklng is performed ino3 classes. Compounds with high solubility
- obtamed a score of 3 and for this compounds the first dilution is clear. Compounds with '
- medium solubility obtained a'score-of 2. For these compounds the first dilution is '

" unclear and the second drlutlon is'clear. Compounds with low solubllrty obtained a

20
o ‘The solublhty of 6 compounds was measured From these compounds 3 showed a score
- of 3,2 obtamed a score of 2 and 1 demonstrated a score of 1 (see table F- 2)

" Example C.4: Parallel artificial membrane ermeability analysis
' : The stock samples (ahquots of 10 p,l of a stock solutlon of 5 mM in 100 %. DMSO)
a were diluted in a deep-well or Pre—mxx plate containing 2 ml of an aqueous buffer
“system pH 4 or pH 7.4 (PSR4 System ‘Solution Concentrate (pION))
* Before samples were added to the reference plate,.150 pl of buffer was added to wells’
g and a blank UV-measurement was performed Thereafter the buffer was discarded and
" the plate was used as reference plate All measurements were done in UV-resmtant

score of 1 and for these compounds both the first and the second dilution are unclear. -

plates (supplier: Costar or Gremer) ‘
After the blank measurement of the reference plate, 150 pl of the diluted samples was

. added to the reference plate and 200 pl of the diluted samples was added to donorplate

35

1. An acceptor filter plate 1 (supplier: Millipore, type: MATIP N45) was coated with 4 na
of the artificial membrane-forming solution (1,2-Dioleoyl-sn-Glycer-3-Phosphocholine -
in Dodecane containing 0.1% 2,6-Di-tert-butyl-4-methylphenol and placed on top of *

. donor plate 1 to form a “sandwich”. Buffer (200 wl) was dispensed into the acceptor
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wells on the top. The sandwich was covered with a lid and stored for 18h at room
temperature in the dark.
A blank measurement of acceptor plate 2 was performed through the addition of 150 ul
of buffer to the wells, followed by an UV-measurement. After the blank measurement
of acceptor plate 2 the buffer was discarded and 150 pl of acceptor solution was
transferred from the acceptor filter plate 1 to the acceptor plate 2. Then the acceptor
filter plate 1 was removed form the sandwich. After the blank measurement of donor

- plate 2 (see above), 150 ul of the donor solution was transferred from donor plate 1to

10

15
o score 2) or a high permeablhty (=05x 10° .cm/s; score 3) Two compounds were

20

. .25.: |
.. buffer (pH 7 4) using either a Potter-S (Braun, Italy) equ1pped with a Teflon pestle or.a
T Sorvall Omm-Mlx homogeniser, for 7x 10 sec In both cases, the vessel was kept ir/on -

.30

- 35

‘donor plate 2. The UV spectra of the donor plate 2, acceptor plate 2 and reference plate
wells were scanned (with a SpectraMAX 190). All the spectra were processed to
calculate permeablhty with the PSR4p Command Software. All compounds were
measured in triplo. Carbamazepine, gnseofulvm acycloguanisine, atenolol,
'furosedee, and chlorothiazide were used as standards in each experiment. Compounds
were ranked in 3 categories as: havmg alow permeablhty (mean effect <0.5 x 10
cm/s, score 1),a medmm permeablhty (1 X 106 cm/s > mean effect > 2 0.5.x 10 cm/s,

tested and showed at least a score of 2 at one of the pH's measured

- Example‘ C-.S: Metabolic stability

: Sub-cellular ussue preparatlons were made accordmg to Gorrod et al. (Xenoblotlca 5:

' 453-462 1975) by centrifugal separatlon after mechanical homogemzatlon of tissue.

x Liver tissue was rinsed in ice-cold 0.1 M Tris-HCl (PH74) buffer to.wash excess

,"blood Tlssue was then blotted dry, weighed and chopped coarsely using surgical -
scissors. The tissue pieces were homogenized in 3 volumes of ice-cold 0.1 M phosphate -

ice durmg the homogemzahon process. .

_ ~Tissue homogenates were centrifuged at 9000 x g for 20 minutes at 4 °c usmg a Sorvall TR
' centrifuge or Beckman Ultracentnfuge The resultmg supernatant was stored at -80 °C.

" and is des1gnated ‘S9°. :
~ The S9 fract10n can be further centnfuged at 100.000 x g for 60 minutes (4 °C) usmg a

Beckman ultracentrifuge. The resulting supernatant was carefully aspirated, aliquoted - "
and designated ‘cytosol’. The pellet was re-suspended in 0.1 M phosphate buffer (pH
74)ina final volume of 1 ml per 0.5 g ongmal tissue weight and designated

‘microsomes’.
All sub-ceéllular fractions were ahquoted immediately frozen in liquid mtrogen and

stored at -80 °C until use. -
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For the samples to be tested, the incubation mixture contained PBS (0.1M), compound
5 pM), microsomes (1mg/ml) and a NADPH-generating system (0.8 mM glucose—6-
phosphate, 0.8 mM magnesium chloride and 0.8 Units of glucose-6—phosphate
dehydrogenase). Control samples contained the same material but the microsomes were

~ replaced by heat inactivated (10 min at 95 degrees Celsrus) microsomes. Recovery of

the compounds in the control samples was always 100%.

" The mixtures were premcubated for 5 min at 37 degrees Celsrus The reaction was
- started at timepoint zero (t 0) by addition of 0.8 mM NADP and the samples were
- incubated for 15 min (t = 15). The reaction was termmated by the addition of 2 volumes' l

of DMSO. Then the samples were centnfuged for 10 min at 900 X g and the o
supernatants were stored at room temperature for no longer as24h before analysis. A]]
incubations were performed in duplo Analysis of the supernatants was performed with -~

. LC-MS analys1s Elution of the samples was performed on-a Xterra MS C18 (50 X 4. 6

mm, 5 pm, Waters, US). An ‘Alliance 2790 (Suppher Waters, US) HPLC system was L
used. Elution was with buffer A (25 mM ammomumacetate (pH 5.2)in T
: H20/aceton1tnle (95/5)), solvent B bemg acetonitrile and solvent c methanol at a ﬂow
rate of 2.4 ml/mm The gradlent employed was mcreasmg the orgamc phase

concentration fror 0 % over 50 % B and 50 % C i in 5 min‘up to 100. % B in 1 mm ina

" linear fashion and orgamc phase concentratlon was kept statlonary for an addrtlonal 1 5 - . :

min. Total mJectlon volume of the samples was 25l . _
A Quattro (supplier: Micromass, Manchester, UK) triple quadrupo]e mass spectrometer -'
fitted with and ESI source was used as detector. The source and the desolvatlon ,
temperature were set at’ 120 and 350 °C respectlvely and mtrogen was used as nebuhser . ;'
and drying gas. Data were acquired in positive scan mode (smgle ion reacnon) Cone
voltage was set at 10 \4 and the dwell time was 1 sec.” s e
Metabolic stablllty was expressed as % metabohsm of the compound after 15 min of

incubation in the presence of active microsomes (E(act)) (% metabohsm 100 % < I

Total Ion Current (TIC) of E(act) at t=15 | ) 1 0 0) Compoun ds that ha da -
“TIC of E(act) att=0

percentage metabolism Jess than 20 % were deﬁned as hlghly metabohc stable ' g
Compound that had a metabolism between 20 and 70 % were deﬁned as mtermedlately L
stable and compounds that showed a percentage metabolism hrgher than 70 were '

«

defined as low métabolic stable. Three reference compounds were always mcluded
whenever a metabolic stability screening was performed Verapamll was included as a
compound with low metabolic stability (% metabolism = 73 %). Clsapnde was
included as a compound. with medium metabolic stabrhty (% metabohsm 45 %) and
propanol was included as a compound with intennediate to high metabolic stab'ilityl @25
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"The. samples were prepared by dllutmg them 1:4 in sample dﬂuent "The samples (100
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% metabolism). These reference compounds were used to validate the metabolic

stability assay.
Three compounds were tested, one had a percentage metabolism less than 20 % and

two had a metabolism between 20 and 70 %.

Examp‘ le C.6: p21 induction capacity

" The following protocol has been applied to determine the p21 protein expression level -

in human A2780 ovarian carcinoma cells. The A2780 cells (20000 cells./180 ul) were ’
seeded in 96 m10rowell plates in RPMI 1640 medium supplemented with 2 mM L-

4 glutamme 50 pg/m] gentamicin and 10 % fetal calf serum. 24 hours before the lys1s of
the cells, compounds were added at final concentrat]ons of 10°,10, 107 and 10°® M. v

Al compounds tested were dissolved in DMSO and further dllutlons were made in -
culture medium. 24 hours after the addition of the compound the supernatants were
removed from the cells. Cells were washed with 200 ul ice-cold PBS. The wells were o

aspu'ated and 30 pl of lysrsbuffer (50 'mM Tris.HCI (pH 7.6), 150 mM NaCl, 1 %
' Nonidet p40 and 10.% glycerol) was added The plates were mcubated overmght at -

~70°C.. :
The appropriate number of microtiter wells were removed from the foil pouch and
placed into an empty well holder. A workmg solution (1x) of the Wash Buffer (20x

' plate wash concentrate: 100 ml 20-fold concentrated solution of PBS and surfactant

Contains 2 % chloroacetamlde) was prepared. The lyophlhsed p21WAF standard was | .
reconstituted with distilled H,O and further dxluted with sample dlluent (provrded in the

- pl) and the p21WAF1 standards (100 M) were pipetted into the appropnate wells and -

30
" .. 400x conjugate (peromdase streptav1d1ne conjugate: 400- fold concentrated solutlon)

35

o incubated at room temperature for.2 houts. The wells were washed 3 times w1th 1x

‘wash buffer and then 100 ! of ‘detector antlbody reagent (a' solutlon of blotmylated

*.monoclonal p21WAF1 antibody) was pipetted into each well The wells were’ 1ncubated. .

‘at room temperature for 1 hour and then washed three tlmes with 1x wash buffer. The

was diluted and 100 Wl of the 1x solution was added to the wells. The wells were
incubated at room temperature for 30 min and then washed 3 times with 1x wash buffer

and 1 time with distilled H,O. Substrate: solution (chromogemc substrate)(100 ul) was

. added to the wells and the wells were incubated for 30 minutes in the dark at room

temperature. Stop solution was added to each well in the same order as the previously
added substrate solution. The absorbance in each well was measured using a

. spectrophotometric plate reader at dual wavelengths of 450/595 nm.
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For each experiment, controls (containing no drug) and a blank incubation (containing
no cells or drugs) were run in parallel. The blank value was substracted from all control
and sample values. For each sample, the value for p21WAF 1 induction (in absorbance
units) was expressed as the percentage of the value for p21WAF1 present in the
control. Percentage induction higher than 130 % was defined as significant induction.

exampleCl C2 andC3

- Two compounds were tested ih this assay, they both showed significant induction.

| ‘Table F-2: Table F-2 hsts the results of the compounds that wére tested accordmg to

Co.No.| Enzyme | Cellular Solubility
o . activity activity Score
. pIC50 . | pIC50 .
| 5121 4.825 3
2 | 6377 504 3
3 | 728 6016 | .1 .
4 7306, 6182 | 3 .
5. |7 :8.035 6.814 3
"6 .| 8148 |- 7227 3
7 1 7952 6353 .|~ 3
8 |..7365 6.429 '
9 .|.7.889 | 7.009- 3.
10 1 7427, .| 6182 '
11 | <5 :
12 ) >5
130 . <5
14 | <5
15 | 55
16 - | 5.698.
7. >5
18 |~ - >5
19 .| .>5
20 | <5
21 5
- 22 >5
23 >5
24 &5
25 5
26 >5
27 <5
28 >5




15g. hydrogenated vegetable oil. The whole is- ‘mixed well and compressed into tablets,
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Co. No.; Enzyme Cellular -Solubility
activity activity Score
pIC50 pIC50
48 6.343 5.367 3
- 49 <5 2
50 5.206 2
51 7.561 5.929 '
- 52 7.235 5.93
. 53 7.295 '
54 6.176

‘ D Comgosition example: Film—coat’ed tablets

,Preparatton of tablet core -

A mixture of 100 g of a compound of formula (I) 570g Iactose and 200 g starch 18

B mixed well and thereafter humldxﬁed w1th a‘solution of 5 g sodtum dodecyl sulphate

and 10 g polyvmyl-pyrrohdone in about 200 ml of water. The wet powder mixture is -
swved dried and sieved again. Then there is added 100 g mwrocrystallme cellulose and o . ‘

- g1v1ng 10.000 tablets each compnsmg '10 mg ofa compound of formula (I)

Toa solutlon of 10 g methyl cellulose in'75 ml of denaturated ethanol there is added a o

- solutjon of 5 g of ethyl cellulose in 150 ml of dichloromethane. Then there are added '

/ 75mil of dlchloromethane and2.5ml 1,2 3-propanet.t101 10 g of polyethylene glycol T

- molten and dissolved in. 75 ml of dxchloromethane ‘The latter solution is: added to the
* former and then there are added 2.5 g of magnesmm octadecanoate, 5 g of polyvmyl-

20

pyrrohdone and 30 ml of concentrated colour suspension and the whole is

' homogenated. The tablet cores are coated with the thus obtained mixture in'a coating

| apparatus.
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Claims

1. A compound of formula (I),

- 4
Rl T CHy) .
=X /|52 <
SN A (™) o
-Y : . .

the N-ox1de forms, the pharmaceutlcally acceptable adetlon salts and the stereo- . -, A

| ‘chemlcally isomeric forms thereof wherem '
- l. 10 n lS 0.,' ,1,' ~2.0; 3 and when n is'0 then a direct bond islin,t'ended;

tis0,1,2,3 or4 and when tis 0 then a direcf bond'is intended; ,

" each Qis nitrogen or oY,
v , v15 N N L s .

. -+ each X is nitrogen or 5

.. each'Yis nitrogenior Y ;
—

20, eachlz is nitrogen or N~

R'is —C(O)NR'RS, -NHC(O)R’, “C(0)-Ci. 6a1kanédinSR9 NR“’C(O)N(OH)R""
NR“’C(O)C; 6alkaned1ylSR9 NR‘OC(O)C—N(OH)R9 or another Zn—che]aung- ‘
.. L groupr = : :
. 25 - wherem R7 and R® are each mdependently selected from hydrogen, hydroxy, .
R _.Cl 5a1ky1 hydrexyC;.salkyl, ammoCmalkyl or ammoary]
' 3 ‘R® is independently selected from hydrogen, C1.salkyl, Cl.aalkylcarbonyl
‘ ary1C1 calkyl, C;. 6a1ky1pyraz1nyl pyridinore, pyrrolidinone or methyhmldazolyl, -
e . 'Rw is 1ndependently selected from hydrogen or C1 .salkyl; - '
2 R%is hydrogen, halo, hyd_lfoxy, amino, ni'tro, CI,Galkyl, C;.salkyloxy, triﬂuorornethyi,
'di(Cl-salkyl)amino, hydroxyamino or naphtalenylsulfonylpyrazinyl; o

. +-L- is a direct bond or a biyalent radical selected from Cj.galkanediyl,
'35 ' Cj.¢alkanediyloxy, amino, carbonyl or aminocarbonyl;
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each R independently represents a hydrogen atom and dne hydrogen atom can be
replaced by a substituent selected from aryl;

R*is hydrogen, hydroxy, amino, hydroxyC;.salkyl, Cy.ealkyl, C;.galkyloxy,
5 arylCj_galkyl, aminocarbonyl, hydroxycarbonyl aminoC;_galkyl,
armnocarbonle; salkyl, hydroxycarbonyIC1 salkyl, hydroxyaminocarbonyl,
C. (,alkyloxycarbonyl C1. 6a1kylammoC1 ¢alkyl or dl(Cl 6a1kyl)ammoC1 6alky1 '

C isa radicél selected from

10

/.

| . (a':l) '

@)

15 E . (a-9) .

: (la-'13)'

. /Rs)s
|\

(a-15)

(2-12)
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K (a—49) o ~ (a50). . - , (5-51) |

wherein each s 1s 1ndependently 0,1,2,3, 4 or5; ,
each R? and R6 are mdependently selected from hydrogen halo; hydroxy, amino; mtro,_ '

tnhaloCl-salkyl tnhaloCl salkyloxy; Cy_galkyl; Cj.salkyl substituted with aryl and
Cs. mcycloalkyl Cléalkyloxy, Cu 5a]kyloxy01-6a]kyloxy, Cl_salkylcarbonyl
C1-6alkyloxycarbonyl Ci. 5a1kylsulfony1 cyanoCi.. 6a1kyl hydroxyC;. 6alky1

- hydroxyC1-5alkonxy, hydroxyCl_salkylaImno am1noC1.6alkyloxy,

d1(C1_6a1kyl)anunocarbonyl dl(hydroxycl_ﬁalkyl)ammo, (aryl)(Cl_ﬁalkyl)ammo,
d1(C1_Galky1)armnoC1_6a1kyloxy, d1(C1.631ky1)a1mnoC1 .¢alkylamino; o
di(C;.- 6alkyl)armnoC1_5aJkylannnoC1 salkyl; arylsulfonyl arylsulfonyla.mmo '
aryloxy, aryloxyCmalkyl arylCs. 6a1kened1y1 d1(Cl-6alkyl)armno, :
di(C;. 5a1ky1)am1noC1_6a1kyl di(Cy. Galkyl)annno(Cl_salkyl)armno

di(C;. 6alkyl)ammo(C1 galkyl)aminoCp.galkyl; -
dl(C1_6alkyl)am1noC1.6a1kyl(C1 salkyDamino; ‘

di(Cy. 6alkyl)armnoC1_6a]kyl(C1 galkyDaminoCy_ 5a1kyl

almnosulfonylanuno(Cl salkyl)amino; :
ammosulfonylarmno(C1 galkyl)aminoCy_galkyl;

di(Cy. 6a1ky])am1nosulfonyla1mno(C1 6alkyl)am1no
di(C1.galkyl)aminosulfonylamino(C;.galkyl)aminoCy_galkyl; cyano; tluophenyl
thiophenyl substituted with di(C1.¢alkyl)aminoC;_galkyl(Cj.galkyl)aminoC;_galkyl,
di(C1.¢alkyl)aminoC; galkyl, Cy_galkylpiperazinylC;.alkyl,
hydroxyC;_galkylpiperazinylCy_galkyl,
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hydroxyC;.galkyloxyCj.¢alkylpiperazinylC;_galkyl,
di(Cy.galkyl)aminosulfonylpiperazinylCy.alkyl,

Cs-¢alkyloxypiperidinyl, Cy.salkyloxypiperidinylCy.galkyl, morpholinylC;_galkyl,
hydroxyC;.galkyl(Cj.¢alkyl)aminoCj.galkyl, or di(hydroxyCi.¢alkyl)aminoC,.salkyl;
furanyl; furanyl substituted with hydroxyCj.ealkyl; benzofuranyl; imidazolyl;
oxazolyl; oxazolyl substituted with aryl and Ci-alkyl; Cy.galkyltriazolyl; tetrazolyl;
pyrrolidinyl; pyrrolyl; p1per1d1ny1C1-6alkyloxy, morpholmyl C1_6alkylmorphohny1
morphohnlel salkyloxy,

morphohny1C1_6a]ky1 morpho]1nle1 galkylamino;

morphohnlel-salkylammoCI ¢alkyl; piperazinyl; C1.6alky1p1peraz1nyl

C 6a1kylp1perazmy1C1 ¢alkyloxy; p1peraz1nle1-6alky1
naphtalenylsulfonylp1peraz1nyl naphtalenylsulfonylplpendmyl naphtalenylsulfonyl

: C1-6alky1p1peraz1ny1C1 salkyl; C1 galkylpiperazinylC;. 6a1ky1ammo, _
o C1-5alkylp1peraz1ny1C1-6alkylannnoC1_6alkyl Cmalkylplperazmylsulfonyl; ;
.a:mnosulfonylplperamnylcl_Galkyloxy, armnosulfonylplperazmyl
.armnosulfonylplperamnylcl-6a1kyl d1(C1-6alky1)ammosulfonylp1perazmyl

d1(C1.6a1ky1)armnosulfonylplperazmle1 6a]ky1 hydroxyC1 galkylpiperazinyl; .

' . hydroxyC1_6alkylp1perazmy1C1_5alky1 C1_6a1kyloxyp1per1dmyl _
? C1_6alkyloxyp1pendmy1C1-6alkyl plpendmylatmnocl.6alky1ammo, ‘
. plpendmylammocl salkylarmnocl_6alkyl ’ o

(Cy- 6alkylp1pend1nyl)(hydroxyC1 salkyl)aminoC;. 6alky1ammo

(Cy. 6alkylp1pend1ny])(hydroxyC1 ﬁalkyl)ammocl ﬁalkylarmnoCI salkyl;

hydroxyC1-6alkyloxyC1_6a1kylp1perazmy1
hydroxyC1 6a1kyloxyC1-6alkylp1perazmle1 salkyl; : .
(hydroxyCi-alkyl)(Cy.galkyljamino; (hydroxyC;.galkyl)(Cy. 6a1ky1)armnoC1_6alky1, L
hydroxyC1-6alkyla1mnoC1-5a1kyl d1(hydroxyC1 6alky1)ammoC1 6a1kyl h
pyrrohdmlel salkyl; pyrrohd1ny1C1 salkyloxy; pyrazolyl; thiopyrazolyl; pyrazolyl
substltuted with two. substxtuents selected from Cj. 6a1kyl or ‘trihaloCy.galkyl;
pyridinyl; pyridinyl substituted with Cl-ﬁallgyloxy, aryloxy or aryl; pyrimidinyl;
tétrahydrbpyﬁmidinylpiperazinyl' teirahydropyﬁmidinylf)iperazinylc1 salkyl;. _
quinolinyl; mdole phenyl; phenyl substituted with one, two or three substituents

} independently selected from halo, amino, mtro, Ci. 6alky1 C;-¢alkyloxy,

hydroxyCj_salkyl, trifluoromethyl, tnﬂuoromethyloxy, hydroxyC1.4alkyloxy,
CMalkylsulfonyl, C,4alkyloxyCj_4alkyloxy, C1_4alkyloxycarbonyl
aminoC)_qalkyloxy, di(C;-4alkyl)aminoC;_salkyloxy, di(C;.4alkyl)amino,
di(C).4alkyl)aminocarbonyl, di(Cj.qalkyl)aminoC_salkyl,
d1(C1,4alky1)a1mn0C14alkylammoC1 salkyl,

dl(Cl.4alkyl)annno(Cl-4alkyl)annno dl(C1_4alkyl)ammo(C1 4a1kyl)ammoC1_4alkyl
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di(C.4alkyl)aminoC;.4alkyl(C;.salkyl)amino,
di(Cj.4alkyl)aminoC;_4alkyl(C;-4alkyl)aminoCy._4alkyl,
aminosulfonylamino(Cj.4alkyl)amino,
aminosulfonylamino(C_4alkyl)aminoCj.salkyl,

5 di(C.4alkyl)aminosulfonylamino(C;-4alkyl)amino,
di(C).qalkyl)aminosulfonylamino(C;_galkyl)aminoC.salkyl, cyano,
piperidinylCy.4alkyloxy, pyrrolidinylC;.4alkyloxy, aminosulfonylpiperazinyl,
éminosulfOnylpiperazinle14a1ky1 di(C1_4a1kyl)aminosulfonylpiperazinyl

, d1(C1_4a1ky1)am1nosulfonylplperazmle14alkyl hydroxyCj_salkylpiperazinyl,

10. hydroxyC1-4a1ky1p1perazmy1C1_4alkyl C1_4a1kyloxyp1per1dmy1

' C1_4alkyloxyp1pendmy1C1_4alkyl hydroxyC1_4alkyloxyC1.4a1kylpiperazinyl,
hydroxyC1-4a1kyloxyC1_4alkylp1perazmy1C14alkyl
(hydroxyC 4alkyl)(C.4alkyl)amino, (hydIOX}'Cl-4aﬂ<y1)(C1-4alkyl)aHnn0C14alkyl

o d1(hydroxyC1_4alkyl)ammo dithydroxyC; 4alky1)annnoc;,4alky1 furanyl furanyl ‘
15 substituted with -CH—CH—CH—CH- pyrrolldmyIC1.4alkyl pynolldlny1C1_4aIkyloxy, ’

' morpholmyl morphollnle1.4alkyloxy, morphollny1C1_4aIkyl ,
morphohnleMa]kylarmno morpholmle1_4a1kylannnoC1_4alkyl pxperazmyl

o C1_4a1kylp1perazmyl C\.qalkylpiperazinylCy_salkyloxy, plperazmleMalkyl,

. Ci. 4a1ky1p1perazmle1_4a1kyl C1.4a1kylp1perazmy1C14alky1ammo
20 C.4alkylpiperazinylC;_4alkylaminoCy.galkyl, tetrahydropynmldmylplperannyl

' tetrahydropynm1dmy1p1perazmylCl_4alkyl plpemdmylarrunoCHalkylannno ,

p1pend1nylarmnoC1_4alkylam1noC14alkyl ' ' o

(o 4alkylp1pendmyl)(hydroxyC14alky1)ammoC14alkyla.mmo

; (& 1-4alky1p1pend1nyl)(hydroxyC1_4a1ky1)am1noC 1.4alky1a1mn0C 1-4a1kyl

125 pyridinylCyqalkyloxy,

L hydroxyC1-4alkylam1no, hydroxyC1.4alkylam1n0C1.4alkyl
d1(C1_4a1ky1)annnoC1-4a]kylannno ammothladlazoly] )
annnosulfonylplperamnylc1.4alkyloxy, or thxophenle1 4a1ky1am1no

each R® and R6 canbe placed on the nitrogen in replacement of the hydrogen

30 S
aryl in the above 1s ph'enyl or phenyl substituted with ene"or more substituents each

independently selected from halo, C;.¢alkyl, Cmalkyloxy, trifluoromethyl, cyano or
hydroxycarbonyl

35 2 A compound as clalmed in claim 1 wherein n is 1 or2;tis0, 1,2 or4; each Qis

C< ;R'is —C(O)NH(OH) R%is hydrogen or nitro; -L~is a direct bond or a

bivalent radical selected from Cj.galkanediyl; R*is hydrogen; C is a radical - ||
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selected from (a-1),(a-2), (a-3), (a-5), (a-6), (a-11), (a-18), (a-20), (a-21), (a-32),
(a-33), (a-47) or (a-51); each s is independently 0, 1, 2, or 4; each R’ and R® are

independently selected from hydrogen; halo;
trihaloC;-galkyl; C.galkyl; C.¢alkyl substituted with aryl and C3.jpcycloalkyl;.

C;-¢alkyloxy; Cy.galkylcarbonyl; benzofuranyl; naphtalenylsulfonyl; pyridinyl

substituted with aryloxy; phenyl; or phenyl substituted with one substituent
independently selected from hydroxyCj.4alkyl or morpholinylC.4alkyl.

- A compound as clmmed in claim 1 wherem tis1,2,3,0r4;

is -C(O)NR'R?, -C(0)-Cy. 6alkaned1yISR9 -NR'’C(O)N(OH)R®, '
-NR‘OC(O)CMa]kanedJyISRg -NR'°C(0)C=N(OH)R’ of another Zn-chelating-

hydroxyCHsalkyl or ammoCHsalkyl C A

© Rlis hydrogen halo, hydroxy, amino, mtro Cl 5a1ky1 Cmalkyloxy, tnﬂuoromethyl or: - -

d1(C1 sa]kyl)ammo :

-L- is a direct bond or a b1va]ent radical selected from Cy. 6a1kaned1yl

Ci. 5alkaned1yloxy, amino or carbonyl;

R*is hydrogen, hydroxy, amino, hydroxyC1 6alkyl C1.5alky1 Cl.salkyloxy,

arlel-salkyl armnocarbonyl ammoC1 6a1ky1 Cl 5alkylam1noC1 6a1kyl or
d1(C1_6alkyl)anun0C1_6alky1 ' ’ .

' _® is a radical selected from (a—l), (a-3), (a—4) (a-5) (a—6) (a-7), (a-8), (a-9);

(a-10), (a-ll) (a-12) (a-13), (a-14), (a-15), (a-16), (a-17) (a- 18) (a-19), (a-20),
(a-21), (a-22), (a-23) (a-24) (a-25), (a-26), (a—28) (a-29), (a-30) (a-31), (a-32)
(a-33), (a—34) (a-35) (a-36), (a-37) (a-38) (a-39), (a-40) (a-41) (a-42) (a—44)
(a—45) (a-46), (a-47) (a—48) and (a-51) .

each s is 1ndependently 0,1,2,30r4;

R®is hydrogen, ‘halo; hydroxy, amino; mtro, mha1001 6a1ky1 tnha10C1 6a1kyloxy,A . o

Ci. 6alky] C1_6alkyloxy, Ci-galkylcarbonyl; C1_6alkyloxycarbonyl
C.salkylsulfonyl; hydroxyC1 galkyl; aryloxy; di(Cy. 6alky1)am1n0 cyano
thiophenyl; furanyl; furanyl substituted with hydroxyCl_Galkyl benzofurany]
imidazolyl; oxazolyl; oxazolyl substituted -with aryl and Cl 6alkyl
Cj.galkyltriazolyl; tetrazoly] pyrrohdmyl pyrrolyl morphohnyl
C1-6alky1morpholmy1 piperazinyl;

Ci. 5alkylp1perazmy1 hydroxyC1-5alkylp1perazmyl

Cl-salkyloxyplpendmyl pyrazoly; pyrazolyl substituted w1th one or two
substituents selected from Ci.¢alkyl or mhaloC1_6aJky1, pyndlnyl, pyridinyl
substituted with Cj-¢alkyloxy, aryloxy or aryl; pyrimidinyl; quinolinyl; indole; -

PCT/EP03/02514
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phenyl; or phenyl substituted with one or two substituents independently selected
from halo, Cy.¢alkyl, Cy.galkyloxy or trifluoromethyl;

R® is hydrogen; halo; hydroxy; amino; nitro; trihaloCj.gatkyl; trihaloCy.galkyloxy;

C;.¢alkyl; Cy.galkyloxy; C;_galkylcarbonyl; Cy.galkyloxycarbonyl; _
Cl-salkylsulfonyl; hydroxyCj.ealkyl; aryloxy; di(Cy.¢alkyl)amino; cyano; pyridinyl;
pheﬁyl; or phenyl substituted with one or two substituehts independently selected. |
from halo, Cy.¢alkyl, Cy.galkyloxy or trifluoromethyl.

. A compound as claimed in claim 1 and 2 wherein n is 1 t lS Oor 1 each Qis’

—
C\ ;each X is mtrogen each Y is mtrogen, R'is .
—C(O)NH(OH), R%is hydrogen -L-isa dJrect bond; each R3 mdependently

represents a hydrogen atom, R*is hydrogen, . C isa radmal selected from

_ (a—6) (a-11), (a-20), (a-47) or (a-51); each s is mdependently 0 1, 0r 4; and each R5

and R® are mdependently selected from hydrogen, Ci-¢alkyl; G 6alky]oxy,

.naphtalenylsulfonyl or phenyl substltuted w1th hydroxyC 1_4alkyl or

morphollnle1_4alkyl

5. A compound aécordihg to claim 1; 2 and 4’s'eleclted from compounds No.j3, No.. -

4,No. 8, No. 5, No. 7, No. 6 and No. 9.

ﬁ'

0

- 091 C2HF302;'CO. No. 3 1. 086 .C21{F302; Co.No. 4.
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C,HF;0; (1:1); Co. No.8

HO.

a

0.83 C,HF:0,; Co. No.6

0. 47 HZO 1 99 CzHF302, Co. No 9

as an active mgredxent a therapeutxcally effectlve amount ofa compound as clalmed L

in clalm 1 to 5.

. A pharmaceutlcal composmon comprising pharmaceutlcally acceptable carriers and -

A process of preparmg a pharmaceutlcal composmon as clalmed in claim 6 wherein

the pharmaceutically acceptable carriers and a compound as clalmed in c1a1m Ito5 ; N

are intimately mlxed

8. A compound éé_ clni'mcd in-any of claims 1 to 5 fo'r use as.a medicinc. o

9 Use of a compound as claJmed in any of clauns 1to5 for the manufacture of a

" 10.

medicament for the trcatment of proliferative dlseases B E

A process for nréparing a compound as cléimed in claim 1, characterized .by.

reacting an intermediate of formula (I) with an appropnate acid, such as for

example, trifluoro acetic acid, yleldmg a hydroxarmc acid of formula (I-a),

wherein R' is ~C(O)NH(0H)
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.0\ O T(qHz) CF;COOH
™ &; e

i
A= G
X_ )—N Z— C®)
-Y .
R? ' (I-a)

11. A method of detecting or identifying a HDAC in a biological sample comprising *
detecting or measuring the formation of a complex between a labelled compound
as defined in claim (I) ahd aHDAC. ' '

12. A comblnatlon of an antl-cancer agents and a HDAC mhlbltor as claimed in any

of clalms 1to5.
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